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Introduction 


An element is a substance that cannot be broken down 
into a simpler substance by any known means. Each of 
the 92 naturally occurring elements is therefore one 

of the fundamental materials from which everything 

in the Universe is made. 


The halogens 
The elements that together we call the halogens can all be 
found in the sea. The ancient Greeks knew where to find 
them because the word “halogen” comes from the Greek 
word meaning “salt-producing.” Although you cannot see 
any trace of salt, taste seawater and you will find that it is 
| salty, for dissolved in the water 
is sodium chloride, a compound 
of chlorine, one of the halogens, 
and sodium. Sodium chloride is 
commonly known as table salt. 

Sodium chloride is not the 
only salt in seawater. You will 
| also find salts containing 
fluorine (as in the fluoride put 
into your toothpaste), iodine 
(as in the substance used to 
iodize table salt) and bromine 
(as in the bromide used on 
photographic film). 

The sea contains natural 





collectors of some of these 
valuable elements. In particular, 
iodine is gathered by seaweed 
and stored in its tissues. 














Each of the halogen elements is so reactive you will never 
find a halogen alone. Halogens bind so well to other atoms that 
great energy has to be applied if they are to be separated from 
their compounds. This may be just as well, because all of the 
halogen elements are very dangerous. Chlorine, for example, 
has been used as a chemical weapon in wartime, and fluorine 
gas is so hazardous that laboratory demonstrations using it were 
not even attempted for this book! 

As compounds, though, the halogens are harmless 





even 
beneficial. Think of the halogens as health-givers. Iodine salts are 
essential to prevent thyroid gland problems, fluoride strengthens 
your teeth, and chlorine salts can be used to preserve food and 
disinfect water supplies. 
Halogens also make up 
many of the commonly 
used painkillers (anesthetics) 
used in surgery. Chloroform 
(a compound containing 
chlorine) was one of the 
early anesthetics; halothane 
(a compound containing 
fluorine, chlorine and 
bromine) is now used 

in its place. 


<4 The use of chloroform provided a major step 
forward in anesthetics and allowed surgery to be a less 
traumatic experience than had previously been the case. 
Procaine hydrochloride (Novocaine) is one of the most 
widely used modern local anesthetics, used extensively 
by dental surgeons. Like other local anesthetics, 
procaine blocks nerve impulses that carry pain signals. 














The halogens 


The halogens — rine, chlorine, bromine 
The halogens — fluon V (left) Chlorine gas; (middle) bromine 


and iodine — occur in the same group of the vapor over bromine liquid, (right) iodine 
see Sey a ‘ vapor over solid crystals of iodine (iodine 
periodic table and therefore have many does fait esac as s haath (Note Filo 


is so dangerous, it is never used in school 
and college demonstrations and so is not 


are shown on these two pages. shown here. 


characteristics in common. Some of these 











Also... Why halogens are so reactive 


Each of the elements in the halogen family contains seven electrons in its outermost electron shell. To be stable 
hell. 
amily, it is 


it needs to have eight. As a result, the atoms react with other elements to gain an electron and fill the 
The smallest atoms try to fill their electron shell most vigorously, and as fluorine is the smallest of the 





the most reactive. Iodine has the largest number of atoms and is the least reactive of the family (see pages 44 and 45) 


(6) 














Light causes halogens to decompose and decompose: to break down a substance 


(for example, by heat or with the aid of a 


change color catalyst) into simpler components. In such 
The two test tubes below right show white silver chloride a chemical reaction only one substance is 
shortly after it has been prepared as a precipitate and the involved 

same tube after it has been exposed to light for a few i organic substance: a substance that 
minutes and has darkened. (These changes are the basis contains carbon 


of how a photographic film works. Silver bromide solvent: the main substance in a solution 
is used as it is the most sensitive to light.) | 


EQUATION: Silver halides and sunlight 


Silver chloride «> silver + chlorine 
2AgCl(s) © 2Ag(s) + Ch(g) 


(e.g., water in saltwater). 






Halogens dissolve better in organic solvents 
than in water 

In the photographs below, iodine, bromine and 
chlorine have been introduced to a tube containing 
two liquids in which other substances commonly dissolve 
(solvents). The bottom one is water and above it is an 


organic liquid (methyl benzene). Each of the halogens Silver chloride: Silver chloride 
is more soluble in the organic solvent, and it has turned before exposure aeons 
Bs to light 
the liquid dark brown. They are barely soluble in water, soiignt e 
and so the water is only slightly colored. 
lodine Bromine Chlorine 


P Halogens dissolved 
in methyl benzene. 

















Halide minerals 


Most halides — compounds containing 
chlorine, fluorine, iodine or bromine — 





readily dissolve in water. They are only 
precipitated when water is evaporated, 
such as happens when desert lakes dry up 
or in coastal lagoons. The precipitates form 
white crystals, most commonly seen as the 
white “ghost lakes” or playas in deserts. 
White deposits also form on the surface 
of some soils, especially those that have 
been irrigated with water containing high 
concentrations of dissolved halides. Soils 






that exhibit white surface encrustations are 
contaminated with halides to a level at which 
they are toxic to most plants. Such soils are 


a l z f | roe a sank A Fluorine is found as fluorite (calcium fluoride), 
examples of desertification. a blue, yellow or green crystalline mineral. Often 


known as Blue John, this mineral makes beautiful 
cubic (box-shaped) crystals. 





D The glassy 
character of rock 

salt (halite) can 

clearly be seen in ’ 





z ~ 
this specimen, : . 
$ * 
‘A Each time a wave breaks, tiny droplets chistes % ae 
of water spray are thrown into the air. Many aad 


of these are carried aloft by the wind, where 
the sodium chloride they contain attracts even 
more water. These tiny particles are called 
condensation nuclei by meteorologists because 
they cause water to condense on them, 
gradually growing bigger and bigger until they 
reach a size at which they can fall out of the 
clouds as rain. This is why many freshwater 
raindrops contain tiny amounts of salt. 


<4 The structure of 
halite (sodium chloride) 
is made by sodium and 
chloride ions occupying 
alternate corners of a 
cubic lattice. 





7 
Sodium ion 





7 (8) 








Fluorite 

Fluorite is calcium fluoride, a 
mineral that exists as beautiful 
cubic (box-shaped) crystals in 
greens, blues and yellows. It 
is a relatively soft mineral that 
can be scratched with a knife. 
It is commonly found in thick 





salt beds and also in veins and 
near hot springs. One of the 
most interesting properties 

of fluorite is that it glows — 
fluoresces — in ultraviolet light. 





> This seaweed is a natural 
scavenger of iodine from 
seawater. Coastal farming 
communities often use it as 
a natural fertilizer. 


Halite 
Common salt, or sodium chloride, forms thick beds. 
Sometimes it occurs as crystals. The crystals of the 
mineral, called halite or rock salt, are cubic (look closely 
at table salt to check this), glassy or white, but may also 
look pink because of iron staining. Halite is very soft 
and can be scratched by a copper coin 

Salt makes up four-fifths of all the solids dissolved in 
the sea. Blood is also a salt (saline) solution in which red 
and white blood cells are suspended. This is why when 
people lose blood, doctors often administer a saline 
solution until a matching blood supply can be found. 

The body uses the sodium ions for controlling 





and the chloride ions to control the nerves. 


= 





osmiosi 





WW chloride: a substance containing chlorine. 


desertification: a process whereby a soil is 
allowed to become degraded to a state that 
crops can no longer grow, i.e., desertlike. 








Chemical desertification is usually the result 
of contamination with halides because of poor 
irrigation practices. 


fluorescent: a substance that gives out visible 
light when struck by invisible waves such as 
ultraviolet rays 


(fluorine, chlorine, bromine and iodine) 
halite: the mineral made of sodium chloride 


osmosis: a process whereby molecules of 
a membrane 
(filter) from a region of low concentration 





a liquid solvent move thro 


to a region of high concentration of solute 


playa: a dried-up lake bed that is covered with 
salt deposits. From the Spanish word for beach 


saline: a solution in which most of the dissolved 
matter is sodium chloride (common salt) 


| halide: a salt of one of the halogens 
| 


Iodine and bromine 

lodine and bromine do not make 
rock-forming minerals. Instead, they 
are usually all found in seawater. 
Some kinds of seaweed and molluscs 
are naturally rich in iodine and can 
be used as sources of the element. 





A Playa lakes are salt beds that form when temporary 
desert lakes dry up. The majority of these deposits are 
formed of sodium chloride, common salt that has been 
dissolved from rocks by rainfall and carried to lakes in 
the floods that follow torrential desert downpours. 
Playa lakes demonstrate the amount of salt that is 
carried in even “fresh” water. 














Chlorine 


Chlorine is a greenish-yellow gas (the word 
chlorine in Greek means greenish-yellow), which 
is more dense than air and which will dissolve to 
some extent in water. It forms an amber-colored 
liquid at its boiling point. 

Nearly one-fiftieth of seawater is made of 
chlorine, where it occurs combined with sodium 
as sodium chloride. 

People become sensitive to the presence of 
chlorine in concentrations as little as three to 
five parts per million because it irritates the 
membranes of the nose. At concentrations of 
30 parts per million its effects on the eyes and 
nose become severe. At only slightly higher 
concentrations, it causes difficulty in breathing. 

Like other halogens, chlorine is a very reactive 
substance, and it is never found as a free element 
in nature. It is particularly reactive in the presence 
of heat; and although it does not dissolve well in 
water, it does react in the presence of moisture. 
It is particularly reactive with organic substances, 
sometimes causing explosions. For these reasons 
chlorine needs to be kept in dry, cool conditions. 

A flame will continue to burn in a vessel 
containing chlorine gas. Many products 
containing chlorine (such as PVC, polyvinyl 
chloride) will decompose when heated. If used 
extensively for home furnishings, for example, 


these materials can be a major hazard during a fire. 


Chlorine is one of the ten most important 
industrial chemicals. The success of an industrial 
country is sometimes measured in the amount 
of chlorine its chemical factories use! 


(10) 


Laboratory preparation 

of chlorine 

A gas jar of chlorine gas is 
prepared by reacting concentrated 
hydrochloric acid on potassium 
permanganate crystals. Chlorine 
is heavier than air, so it can be 
allowed to collect at the bottom 
of a gas jar, forcing the air out 

of the top. 


¥ A representation 
of a chlorine gas 
molecule. 






Dangers of chlorine 
Transporting chlorine can be a 
health hazard. If the transporting 
vessel is involved in an accident 


and the chlorine escapes to the 
atmosphere, many people might 
have their lungs damaged or even 
be killed. For this reason chlorine 
is not usually transported; instead 
other chemicals are brought to 
where the chlorine is made. 

This is the case, for example, 
with making the common plastic 
PVC. A material called ethylene 
is brought to the chlorine plant 
to be reacted with the chlorine. 
The product is shipped off to be 
further manufactured elsewhere. 


Also... 


When large amounts of waste 
hydrochloric acid are available — 

for example, when PVC is being made 
— the chlorine can often be recovered 
and recycled by oxidizing the acid. 











BH chlorination: adding chlorine to a substance 









oxidation: a reaction in which the oxidizing 
sent removes electrons. (Note that oxidizing 


nts do not have to contain oxygen.) 


EQUATION: Preparation of chlorine 


Concentrated hydrochloric acid + potassium permanganate = chlorine + water + manganese chloride + potassium chloride 
16HClK(aq) + 2KMnO,(s) © 5Cl(g) + 8H,OQ@) + 2MnCl,(aq) + 2KCKaq) 


Hydrochloric acid 





Potassium permanganate Chlorine gas is collected ina 
gas jar. Itis heavier than air. 














Chlorine and combustion 


Chlorine is a very reactive element because it is an oxidizing agent. In other 
words, materials will burn (combust) easily in chlorine. This can be an 
unusual sight because we are so used to materials burning in air. Furthermore, 
some materials actually catch fire when they are placed in chlorine, and the 
reaction generates a large amount of heat (it is an exothermic reaction). 


EQUATION: Chlorine reacts with Chlorine 
finely divided copper 


Chlorine + copper «>» copper chloride / canes 


Chig) + Cu(s) Rg CuCl, (s 


@V Finely divided copper 
spontaneously catches fire when 
put in chlorine, showing that 
chlorine is an oxidizing agent. 


OV Copper reacts with 
chlorine to produce fine 
particles of copper chloride 
seen as the dense smoke. 




















OV The smoke and gas fill 
the gas jar 














1 case of oxidization of a substance 


combustion: the 








@ in which a considerable amount of 

ie 

Mare given out. Combustion is often referred to as “burning 
exothermic reaction: a reaction th. 





surroundings. Many oxidation reac 





oxidation: a reaction in which the oxidizing agent 





removes electrons. (Note that oxidizing a 








lave tO Cor oxyger 


smoke: a mixture of both small solids and 





4D In the picture on the 
left a wax candle is being 
held in the air above a gas 
jar of chlorine. The candle 
burns in the oxygen in the 
air with a yellow flame 
releasing carbon (soot) 
particles and forming 
carbon dioxide gas 
However, when the 
wax candle is introduced 
to a gas jar of chlorine, as 
shown in the picture on 
the right, the candle burns 
with a red flame. It also 
liberates carbon particles 
(soot) and produces a 
steamy gas — highly 
poisonous hydrogen 
chloride — that attracts 
water vapor in the air 
to form tiny droplets of 
hydrochloric acid, This is 
not a nice gas to be near! 


O< Chlorine, containing 
copper chloride smoke 

is denser than air and can 
therefore be poured 
from a gas jar. 

















Chlorine as a bleaching agent 


A bleach is a substance that removes stains 
from materials. It also has a disinfectant action. 
There are two kinds of bleach: those that 
oxidize and those that reduce substances. 
Chlorine-based bleaches are oxidizing agents. 

Domestic bleach was traditionally made by 
passing chlorine gas over dry calcium oxide, 
producing calcium chlorate. When put in 
water this substance formed domestic bleach. 

Powdered calcium chlorate, which can be 
added to water, and liquid solutions of sodium @A A dyed material before bleach ts added, 
chlorate are both sold as domestic bleach 


(see page 24). In either case the compounds 
produced are quick and cheap to make, th 
which accounts for the low price of most 


domestic bleaches. S\ 
Bleaches containing chlorine are powerful and j 

are suited only to some fabrics, such as cotton, 

linen and synthetic fibers. They cannot be used 

with wool, silk and some other materials, so in a 





general chlorine-based bleaches are not used in 
Ane @A The bleach reacts instantaneously 
detergent powders. with the dye. 


EQUATION: The reaction of chlorine and sodium hydroxide to make liquid bleach 


Chlorine + sodium hydroxide « sodium chlorate + water + sodium chloride 
Clg) + = 2NaOH(ag) = ~=NaOCl(@aq) + HO) +  NaCl(aq) 


Chlorine , * 
Foie = 
a) Sa 
: ae 
‘ vs 
Sodium @ 2 
(14), 








bleach: a substance that removes stains 


Demonstrating the bleaching action of chlorine 
The bleaching action of chlorine gas can be seen by bubbling 
chlorine through a solution containing the vegetable dye 
litmus, an indicator. The sequence of pictures shows the 
progressively lighter color of the solution. 


from materials either by oxidizing or 
reducing the staining compound 


of substances that change color with 
acidity or alkalinity 


oxidizing agent: a substance 
that remoyes electrons from another 
substance (and therefore is itself” 
reduced) 


i indicator: a substance or mixture 


| reducing agent: a substance that 


gives electrons to another substance, 





@A Chiorine gas is produced by reacting 
hydrochloric acid and potassium manganate 


How bleach works 

A colored natural material gets its color 
from the way that certain combinations 
of carbon atoms are linked together by 
double bonds. Synthetic dyes are mainly 
also based on carbon compounds. 

The coloring chemicals are able to 
absorb some forms of light rays while 
reflecting others. When a bleach reacts 
with the natural material, the bleach @ (A: CHorine bubbled through 
breaks up the bonds, forming new the gas jar containing litmus dye. 
substances that are not able to absorb 


light and so are colorless. 


Color in this solution is due to the two bonds 
here. The oxidizing effect of chlorine breaks 


these bonds and bleaches the solution. (48) 











Oxygen © A The solution gradually 


clears as the dye is bleached 


(> Hydrogen 














Chlorine as a disinfectant 


Disinfecting is the process of killing bacteria 
and microorganisms. Chlorine, often in the 
form of calcium chlorate powder, is an effective 
way of disinfecting water supplies, swimming 
pools and sewage systems. 

The use of chlorine dates back to the last 
century, when most large cities had developed 
sewage systems that simply fed raw sewage 
into rivers. The same rivers were also used for 
drinking water. Even in places where water 
was obtained from wells, it was not safe to 
drink because of sewage seeping from nearby 
cess pits into the underground water supplies. 

An infamous cholera epidemic occurred in 
London in 1848 that revolutionized the way 
people thought about disinfecting water 
supplies. Cholera caused over 25,000 deaths 
in the following decade. Nothing could be 
done about it because of the lack of sewage 
treatment. The nearby River Thames received 
most of the raw sewage and produced a foul 
smell. In 1855, as a result of the research done 
into the epidemic and the smell (which proved 
to have the same cause), London became the 
first city in the world to have a sewage 
treatment system based on the use of chlorine. 

The disinfectant properties of chlorine were 
also needed in hospitals. When surgeons began 
to disinfect their hands before each operation, 
the number of fatalities decreased rapidly. The 
introduction of such disinfectants is closely 
connected with the efforts of the famous nurse 
Florence Nightingale. 


(16) 


Water supplies 

Clean water supplies are essential 
for healthy living. The water 
entering a treatment plant contains 
chemical pollutants, small particles 
of solids and biological material 
such as bacteria and algae. 

The first stages of treatment 
involve filtering out the solid 
particles. The remaining chemicals 
are neutralized and precipitated. 
The water is then treated with 
chlorine, which is used as a 
disinfectant. Chlorine also oxidizes 
any remaining organic materials. 


Y Swimming pools that get intensive use, 
such as at tropical resorts, often smell 
strongly of the chlorine that has been 
added as disinfectant. The chlorine can 
irritate sensitive tissues such as those 

in the nose and eyes. 











4 Part of a water disinfectant: a chemical that kills bacteria and | 
treatment plant other mic 





roorganisms. 


neutralization: the reaction of acids and bases to produce 


2 salt and water. The reaction causes hydrogen from the 


acid and hydroxide from the base to be changed to water 





or example, hydrochloric acid reacts with sodium 





hydroxide to form common salt and water. The term 
is more 


nerally used for any reaction in which the pH 





towa: 0, which is the pH of a neutral solution 


precipitate: tiny solid particles formed as a result 


of a chemical reaction between two liquids or gases 


EQUATION: The reaction of chlorine and water 


Water + chlorine ~ hypochlorous acid + hydrochloric acid 
H,0( + Chig) ©  HOClaq + HCKaq 


rm oF 4 @, 








Chlorine ipcreee 








The chlorination of swimming pools 
Disinfectants are needed in swimming- 
pool water to prevent the growth of 
bacteria and algae that might eventually 
become a health risk 
Chlorine gas was the disinfectant 
traditionally used in public baths 
It was also sold as a solid compound 
for domestic swimming pools. 
The chlorine reacts with the water 
to form hypochlorous acid, which 
in turn kills bacteria and algae. 
Adding more and more chlorine 
causes the acidity of the water to 
rise, and this can have harraful side 
effects, such as making the eyes smart. | 
So to prevent this, a neutralizing | 
chemical, sodium carbonate, is added | 
The chlorine smell in a swimming 
pool is not the chlorine itself but the | 
smell of ammonialike gases released 
as the chlorine gets to work on 
organic matter | 
| 
| 





Disinfectants are now available 
without the side effects caused 
by chlorine. | 














Making chlorine: 
the mercury cathode cell 


Chlorine is one of the main chemicals 




















used in modern plastics manufacture. 

There are two main ways of producing it. 
About three-quarters of the chlorine 

needed for industry is produced by the 

mercury cathode cell process described 

below. Another process, the diaphragm 

cell process, is described on pages 20 and 21. 


Chlorine 





A Chlorine is stored in bottled form. 


Graphite anodes 


Brine fed in 














D A diagrammatic 
representation of the 
mercury cathode or 
Castner-Kellner cell 











Spent brine 














¥ Distillation columns at the 
Castner-Kellner works, England 




















Operating the mercury cathode cell 

The mercury cathode, also known as the Castner- 
Kellner cell after its inventors, is an electrolytic process 
using an electric current to dissociate sodium chloride 
(brine). It consists of a cell with a graphite anode and 
a bed of mercury as the cathode. Sodium chloride 
solution is used as the electrolyte. 

A huge current (about 300,000 amps — about 6,000 
times as much as a household might use with all of its 
appliances switched on!) is passed through the cell. 
Chlorine is released at the anode, where it is collected. 

Mercury is used as the cathode because it readily 
forms an amalgam with other metals. Sodium is a 
metal ion and makes an amalgam with the mercury. 
When the mercury cannot absorb any more sodium, 
the amalgam is carried away and the sodium extracted 
and made into sodium hydroxide by reaction with 
water. The refined mercury is then reused and the 
sodium hydroxide is sold to help pay for the process. 


Hydrogen 










Water 


Sodium 
hydroxide 


amalgam: a liquid alloy of mercury with 
another metal. 


cell: a vessel containing two electrodes and an 
electrolyte that can act as an electrical conductor. 


electrolysis: an electrical-chemical process 

that uses an electric current to cause the breakup 
of a compound and the movement of metal 

ions in a solution. The process happens in many 
natural situations (as for example in rusting) and 
is also commonly used in industry for purifying 
(refining) metals or for plating metal objects with 
a fine, even metal coating. 


@& electrolyte: a solution that conducts electricity. 


ion: an atom, or group of atoms, that has gained 
or lost one or more electrons and so developed 
an electrical charge. lons behave differently from 
electrically neutral atoms and molecules. 


Also... 


Chlorine can also be produced as a byproduct of 
making sodium using the Downs process, Salt is 
mixed with calcium chloride and heated until it is 
molten. Chlorine gas is given off at the anode of 
the cell and can be collected for use. The Downs 
process is designed for sodium refining and does 
not collect sufficient chlorine for all the demands 
of the chlorine industry, 


V The raw material for the production of 
chlorine is sodium chloride, rock salt, which 
often occurs in rocks in the form of a salt 
dome. It can be mined or extracted from the 
ground by dissolving it in hot water and then 
pumping it to the surface. 


Brine is pumped 
up to the surface. 


Water is pumped 
down into the 
salt dome. 











Water dissolves rock salt to make 
a concentrated salt solution called 
brine. This can then be drawn back 
up to the surface. 


















4A diaphragm. 


Making chlorine: 
the diaphragm cell 


The diaphragm cell is a piece of equipment that 
allows brine solution and sodium hydroxide to 
be used to manufacture a number of chemicals, 
including chlorine. It is an alternative to the 
mercury cathode cell process shown on the 
previous page. 

¥ A diagrammatic representation 


of the electrolysis process for 
manufacturing sodium hydroxide 


Chlorine gas 
is given off. 





The diaphragm: a membrane 

through which only sodium ions 
can pass. Asbestos was the first 
material used, but modern cells 
use a form of plastic (polymer). 






Strong brine is fed 
into the cell (usually 
pumped from rocks) 









Sodium ions from the 
brine pass through and 
concentrate the sodium 
hydroxide, leaving 
behind chloride ions. 


Chloride ions react 
to form molecules. — 
of chlorine gas (Cl,). 








This part of the 





cell is kept 
under pressure 








Positive electrode (anode) made 
from titanium coated with platinum 


Electricity supply 








a (20) 








BB alkali: a base in solution. 


diaphragm: a semiperm: 


—a kind of ultrafine mesh filter — that will 


electrolysis: an electrical-chemical 
process that uses an electric current to 
cause the breakup of a compound and 
the movement of metal ions in a solution, 


cable membrane 


allow only small ions to pass through, It is 


used in the electrolysis of | 


EQUATION: Electrolysis of a sal 


brine. 


It solution 


Sodium chloride + water © sodium hydroxide + chlorine + hydrogen 


2NaClaq) + 2H,0(0) © 


electrical energy 


‘Chlorine 
Sodium -@ 
Al 


2 


Hydroges 


Hydrogen ions react to form 
molecules of hydrogen gas (H,). 








The negative electrode (cathode) 
is a perforated steel box. 


Hydrogen gas given off 


NaOH(aq) + 


Clg) + alg) 


n 


é 
oO 
ee on 


The diaphragm cell 

The diaphragm cell is constructed 

in such a way as to make use of an 
electrolytic process to collect two gases 
simultaneously. As with the mercury 
cathode cell, an electric current is 
passed through a brine solution; but 
instead of amalgamating sodium ions 
with mercury to leave chlorine, the 
combination of brine and sodium 
hydroxide creates two useful gases, 
chlorine and hydrogen. 

The cell consists of two parts, each 
filled with brine but separated by a 
porous diaphragm (a kind of filter) 
made of asbestos. The diaphragm 
ensures that the hydrogen and chlorine 
gases can be collected separately. 

Electrolysis releases hydrogen gas 
from the water and chlorine gas from 
the salt. Chlorine is given off at the 
positive electrode (the anode), and 
hydrogen is given off at the negative 
electrode (the cathode). The process 
dilutes the brine and strengthens the 
sodium hydroxide solution. Sodium 
hydroxide is a strong alkali and a 
valuable byproduct. 





More concentrated 


sodium hydroxide is 
produced. 
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‘Halogens in plastics 


One of the main uses of the halogens Polyvinyl chloride 


(and of chlorine in particular) is in the Polyury! chlondeas-alcorunen 
jack Fpl é thermoplastic, meaning a plastic 
REC OMSHEDY GL Plastics that can be softened and reworked 


One of the simplest procedures is to time after time 


react products of an oil refinery (such as Vinyl chloride is made by 

the gas ethylene) with chlorine or fluorine. reacting ethylene or acetylene 
Ftc V chloe tk 1 (gases made from petroleum 

Polyvinyl chloride (known as vinyl, refining) with hydrochloric acid. 


polychloroethylene or PVC) is made with In this reaction one hydrogen 


ethylene and chlorine. The reaction that takes atom in ethylene is replaced with 


. C a chlorine atom. This change 
place exchanges one chlorine atom for one barre te ae 
: produces a gaswhose molecules 


hydrogen atom of the ethylene. can be linked together (polyme 


Polyvinyl fluoride (polyfluoroethylene or to make polyvinyl chloride. 





zed) 


PVF) is made in a similar way using fluorine 
gas. As with vinyl, a fluorine atom replaces a 


V Vinyl chloride is often used as house siding 
and window frames. 


hydrogen atom. This plastic is heat-resistant. 


Using polyvinyl chloride 
Polyvinyl chloride is a hard 
plastic that is rarely used on 
its own. The material we call 
vinyl or PVC is actually a 
mixture of polyvinyl chloride 
and other compounds that 
make it soft and flexible 

Although it does not 
burn, when heated polyvinyl 
chloride decomposes and 
releases hydrogen chloride 
gas, together with carbon 
monoxide, Both gases are 
toxic, so this limits the uses for 
polyvinyl chloride in materials 
such as furniture fabrics 

The main uses of polyvinyl 
chloride are in plastic window 
frames, house siding, hose 
pipes, watering cans and 


waterproof “plastic” sheeting. 











The structure of polyvinyl chloride hytrocatbon compound in which onl hydrogen 
Polyvinyl chloride is a hydrocarbon chain, oe 


| hydrocarbons, as is the simple plastic polyethylene 
incorporating chlorine. The same structure but 
without the chlorine produces polyethylene, 


used to make plastic bags. By substituting Bf plastic is commonly restricted to synthetic polymers 


I plastic (material): a carbon-based material consisting 
IB) of long chains (polymers) of simple molecules, The word 


chlorine the properties are changed so that the 


Foie ee me netaa, J polymer: a compound that is made of long chains 
material is more durable and ngid. by combining molecules (called monomers) as repeating 


BF units. Poly” means many, “mer” means part.) 


EQUATION: Reaction to produce vinyl chloride (chloroethene) 
Ethylene gas + chlorine gas * chloroethylene gas + hydrogen chloride 





CH =CH,(g) + — Ch(g) ce CH,=CHCKg) + —HCl(g) 
Hydrogen ( Chlorine 
> MC ' Q 
©) e) 
GF Carbon YD 
ef 
Ethylene gas Chlorine gas Vinyl chloride Hydrochloric acid 


¥ Vinyl chloride polymerizes to produce 
polyvinyl chloride (polychloroethylene) 


PVF 


If fluorine is reacted with ethylene, then the plastic 
produced is polyvinyl fluoride (fluoroethylene). 
Unlike polyvinyl chloride, this plastic is tough and 
nonreactive. It can be used to hold solvents that 
would soften polyvinyl chloride 


¥ Vinyl fluoride polymerizes 
to produce polyvinyl fluoride 
(polyfluoroethylene) 










Fluorine 














Chiorates 


| 
When chlorine and a large amount of oxygen Dangers of using chlorate 


combine with a metal, the resulting substance compounds 


: The large amount of oxygen in 
is known as a chlorate. Compounds that : : 
chlorate compounds means that 


include chlorates are useful because they they can be potentially very 


decompose to release oxygen. inflammable, and in some cases 


Potassium chlorate is used as the oxygen even explosive 


a: 2 Weedkillers containing chlorates 
supply in fireworks and safety matches. : 
Pe) ) will, for example, remain as a 


Ammonium perchlorate is used in the coating on the weeds they have 


booster rockets of the space shuttle. killed. This is especially dangerous 


Sodium and potassium chlorates are used as in dry climates where there is 


always a risk of fire, It is also why 


weedkillers. Sodium and calcium chlorates are 
some illegal explosives have been 


also used as oxidizing bleaches (see page 14). made using weedkillers. 


P Potassium produces a 
characteristic lilac-colored 
flame, showing that it has 
been used in this catherine 
wheel firework 





oo 





| Potassium chlorate 
and fireworks 
Potassium chlorate is an 
excellent source of the 
oxygen needed for 
combustion in fireworks 
In addition, by changing 
the metal ions in the 
chlorate, the colors 
characteristic of each metal 
can be produced, thus 
providing color to the 
display. Strontium chlorate 
gives a red color; copper 


chlorate yields blue 





barium chlorate green; and 


sodium chlorate yellow 














Making sodium chlorate 

Sodium chlorate can be produced by the electrolysis of brine, 
a process similar to that taking place in the diaphrag 
A variety of chlorates with differing amounts of oxygen hemical r 


can be made. 


Sodium chlorate containing the least oxygen is used as 
a bleach (see page 14). Sodium chlorates with more oxygen noe 
can be used in explosives, matches, fireworks, weedkillers, 
making oxygen (as shown below) and for throat lozenges 


decompose: to break down a 


ubstance (fi 





ample, by heat 


or with the aid of a catalyst) into 





m cell srapled comiponenientnekich 





explosive: a substance \ 





ompos. 





applied to it, d 
ry rapidly, releasing a very larg 


nount of heat and creating a large 








gases as a shock way 


EQUATION: Making sodium chlorate 


Sodium chloride + water“ sodium hydroxide + chlorine + hydrogen 


2NaCl(aq) + 


2H,0(1 m 


2NaOH(aqg) + Ch(g) + Hag 


Chlorine + sodium hydroxide « sodium chlorate + water + sodium chloride 


3C1s(g, 


Matches 
Matches consist of an 
incendiary (fire-making) 
device and a source of fuel 
(the wood of the match stick) 
The match head contains 
potassium chlorate (a source 
of oxygen). When the match 
is struck, the head scrapes 
across the phosphorus on the 
match-box side, causing a small 
amount of red phosphorus to 
heat up and come into contact 
with a source of oxygen. It 
then reacts and ignites, which 
in turn causes the match head 
to begin to burn for long 
enough to set the wood of 
the stick on fire 


> This “strike-anywhere” match 
contains potassium chlorate (KCIO,) 
and tetraphosphorus trisulfide (P,S,) 
so that it does not need a phosphorus 
strike to be ignited. Potassium 
chlorate is used rather than the | 
expensive sodium chlorate because 
it absorbs less water and is therefore 
more likely to work when struck. 








6NaOH (aq ® 


NaClO,(aq SHOU 


5NaCl(aq) 


Preparing oxygen using potassium chlorate 
) 


heatir 





en is conveniently produced in the laboratory by 


dotassium chlorate with a manganese dioxide catalyst 





EQUATION: Using potassium chlorate to make oxygen 
Potassium chlorate « potassium chloride + oxygen 


2KCIO G 2KCI + 30. 

















Chlorine and poison gases 


A poison gas is any gaseous chemical that can 
harm humans. In World War I the Germans 
at Ypres in Belgium. 
They put chlorine gas in cylinders under 





made a poison gas attac 


pressure and then released it when the wind 
was blowing toward the trenches containing 
Allied troops. At this time gas masks had not 
been invented. 

Chlorine affects the cells of all the throat, 
mouth and lungs, causing damage to all the 
tissues and also drawing fluids out of the body 
and into the lungs. Death follows exposure 
for more than a couple of minutes. 

Even more deadly is a combination of 
chlorine and cyanide. When this gas is 
released and inhaled, it prevents the red blood 


cells from carrying away waste carbon dioxide. 


This causes death within a very short time. 

Even in small doses this terrible gas can affect 
the lungs and cause pneumonia. Mustard gas 
and phosgene — two of the most feared gases 
of all — are also based on chlorine compounds. 








Chlorine 


Carbon 


Hyd 
paver 4A molecule 


d ¢ 
SD S of mustard gas, 
Mustard gas 

Mustard gas is 2,2’-dichlorodiethyl sulfide. It is toxic 
when it falls on the skin and 


into the lungs. The vapor is effective at low 


es and when breathed 





concentrations; and because the liquid evaporates slowly, 
its effects can last in a target area for several weeks 


; (26) 





Tear gas 


Less harmful gases that irritate 
the throat and lungs and cause 
the tear glands to release fluids 
are called tear gases. Tear gases 
are used for crowd control in 





situations where there is risk 
to life and property. Many tear 


gases contain chlorine. One of 





the most common is CN gas 
(chloroacetophenone). CS gas 
(chlorobenzylidenemalononitrile) 
acts faster and lasts longer than 
CN gas, causing involuntary 
closing of the eyes and a burning 
sensation, However, the effects 
disappear within a few minutes 
of being exposed to clean air. 
Tear gases are effective at 
extremely low concentrations 
(refer back to the sensitivity 
of people to chlorine, page 10). 


Y Clouds of mustard gas drift across the 
battlefields of northern France in World 
War |. In this attack on July 1, 1916, 94,000 
soldiers were killed. 















s molecules 


adsorb/adsorption: to “collect 











or other particles onto the surface of a substance 
They are not chemically combined and can be 
removed. (The process is called “adsorption.” 


b 


Compare to at 





toxic: poisonous enough to cause death 





vapor: the gaseous form of a substance that is 








tid. For example, water \ 








ne gaseous form of liquid water 


Activated charcoal in gas masks 
Activated charcoal has a very large surface 

area (about 2,000 sq m of surface area for 

every gram in weight of charcoal). It is able 

to take up (adsorb) large numbers of molecules 


of gases onto this vast surface. 








This impressive property has meant that 
activated charcoal is widely used as gas filters 
and gas masks in war 

The sequence of pictures below shows 


zas jar with activated charcoal in the 








bottom that has been filled with bromine, 

4 poisonous brown halogen gas. The pictures 
were taken over a few minutes. The color 
indicates the amount of free bromine in the 





gas jar. Notice that in the gas jar on the far 

right, there is no free bromine left at all 
Once all the sites on the activated charcoal 

have been used, it has to be thrown away 





It cannot be reactivated 
A Gas masks contain filter 
pads of activated carbon. 
These absorb the tear or 
poison gas. 


> 


D Pieces of activated 
charcoal have been dropped 
into a gas jar containing 
bromine and the cover 
glass replaced 

This sequence of 
photographs shows that at 
the end of a few minutes, 
the gas jar is colorless 
because all of the bromine 
molecules are now 
adsorbed onto the surface 
of the activated charcoal 




















Chlorine and the environment 


One of the main uses of chlorine is 

to combine it with organic substances. 
This produces organochloride 
compounds, liquids that can be 
important solvents (for dissolving other 
substances) or added to textiles to make 
them fire resistant. They are also vital as 
pesticides and fungicides, and they are 
widely used throughout the world. 

The use of these chemicals has made it 
possible for some pests and diseases to be 
kept under control. However, most of 
these substances are extremely poisonous 
and do not readily break down in the 
environment. Halogens therefore pose 
some quite severe environmental 


problems if used unwisely. 


Y New insecticides are being developed all the time so that they 
can be more effective and less harmful to the environment 


PCBs 
One group of the most notorious 
organochlorides is known as PCBs 
(polychlorinated biphenyls). They have 
been widely used in making electrical 
appliances, power station transformers, etc. 
At the time of their use, until a series of 
accidents occured, nobody realized that 
waste water containing traces of PCBs was 
highly dangerous, Much of this material 
becomes mixed up in the river muds. In 
one site on the Hudson River, PCBs 
gradually worked their way up the food 
chain from worms in the river muds, 
through fish, to humans until traces of 
PCB could be found in mother’s milk. 
The problem exemplified here, 
however, applies to many chlorine- 
containing compounds because chlorine 
reacts with all other materials. No one 
knows what the effects are of some of 
the compounds created as a result of 
something so well meaning as the 


chlorination in public water supplies. 
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Hydrogen 


Chlorine 






AA diagrammatic 
representation of a 
molecule of a PCB. 
PBBs 

Another material, this time a compound 
of bromine (see page 42), polybrominated 
biphenyl (PBB), was used to prevent 
materials catching fire. By accident, in 1973 
some of it got mixed in with cattle feed in 
Michigan and gradually worked its way up 
the food chain. Many animals had to be 
killed, and many people became ill. 







AA diagrammatic 
representation of a 
molecule of DDT. 

e) 


DDT 

DDT (dichlorodiphenyltrichloroethane) 

is an insecticide based on chlorine that for 
many years was used to combat mosquitos. 
Its use has been stopped for fear of its 
environmental side effects. 


fungicide: any chemical that is designed to kill fungi 
and control the spread of fungal spores 





pesticide: any chemical that is designed to control pests 
(unwanted organisms) that are harmful to plants or animals 


Dioxins 
Agent Orange is famous for its use in the Vietnam 


war. It was sprayed onto Vietnamese rainforests 





because it quickly caused tree leaves to shrivel and 
die. By this action the Ameri 





an forces hoped to 
prevent the Viet Cong guerrillas from hiding in 
the rainforests. Agent Orange is a compound based 





on chlorine (its chemical description is 2,4 
trichlorophenoxyethanoic acid and esters). 

This chemical contained certain impurities, 
including another compound of chlorine known 
as dioxin (2,3,7,8—tetrachlorodibenzo-p-dioxin). 
Dioxin is extremely poisonous, insoluble and clings 
to the soil, making land unusable for decades. 

After Agent Orange was applied in Vietnam, 
many deformed children were born in the areas 
that were sprayed. This shows how the dioxin 
compounds remain active for long periods and 
find their way up the food chain. 

The largest unintentional release of dioxins was 


in Seveso, Italy, in 1976. Then an escape of dioxins 





spread out over the area near a chemical plant. 

Dioxins were also found in the soil beneath 
houses in the township of Love Canal, near 
Niag 
uninhabitable and the citizens forced to move. 
Dioxins have now been banned 





‘a Falls. The houses were declared 





Paraquat 
Paraquat is an organochloride designed as a 


weedkiller and is used on many household lawns. 





However, when it was used on a vast scale to kill 
weeds in the rubber estates of Thailand (4 million 
kilograms were used!), the chemical got into the 
river water and killed millions of fish. Not only was 
this an ecological disaster, but fish are a main source 
of protein for many rural Thais and so the chemical 
was passed through the food chain to them, causing 


pesticide poisoning. 
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Chlorine compounds as solvents 


A solvent is a liquid chemical substance that Degreasing agents 
will dissolve another solid substance and yet Solvents are widely used in 
engineering factories. Many 


reac r ] ° Te. oy] 3 be se 
not react with it. Solvents can also be used siaghinies ue oreo anes 


to extract one material from another. boric lubricac andcasene: 
Chlorine (and the other halogens), As a result, components often 


especially when combined with hydrocarbons, have a thin film of oil or grease 
ere ¢ | : al e il on them. This must be removed 
ee oe eee ee 3% oe, : 

easily dissolves organic materials (grease, oil, Fier uithestvani becca 





fat etc.). This makes halogens very useful paint or other finish, a process 
solvents for organic materials because water, called degreasing, 


the most common solvent, will not dissolve Trichloroethylene is the 
5 1 most widely used degreasing 
organic materials. agent, often in combination 


One of the most widely used chlorinated with a detergent. 





hydrocarbons is trichloroethylene. It is used in 
“dry cleaning” (that is, cleaning without water 
and using some other liquid solvent instead). 
The advantage of trichloroethylene over 
other petroleum-based solvents such as 
turpentine is that it will not catch fire. 
In the dry cleaning process the solvent 
is mixed with a detergent. At the end of the 
cleaning cycle the solvent is recovered from 


A A representation 
of trichloroethylene. 


the machine for reuse. 


Carbon tetrachloride 
Carbon tetrachloride, like 
trichloroethylene, has been widely 
used as a solvent for removing 
grease from fabrics. For many years 
carbon tetrachloride was available 
for use in the home — often in the 
form of a jar with a fabric applicator 
— a8 a “spot remover.” 

Tt has subsequently been 
discovered that the fumes from 
carbon tetrachloride are a health 


hazard, and its sale is now restricted A A representation of carbon 
tetrachloride or tetrachloromethane. 
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detergent: a chemical based on petroleum 


Paint-stripping agents 


that removes dirt 
Paint strippers are designed to dissolve paints that are 





not water soluble, particularly gloss paints gelling agent: « semisolid jellylike | 
= substance 
The most commonly used solvent for this purpose 
is methylene chloride. Commercial paint strippers mainly hydrocarbon: a compound in which onl 


hydrogen and carbon atoms are present 





use a mixture containing methylene chloride and a gelling 

: § § Most fuels are hydrocarbons, as is the simp] 
agent (whose function is to keep the methylene chloride plastic palyediavlens 
in contact with paint long enough 


solvent: the main substance in a solution 





for the solvent action to work). 
g €-g., water in saltwater | 
It is applied to the surtace of 


the paint, which is first softened, 
then dissolved 
















The solyent may require 
many hours before it completely 
dissolves the paint, especially 
in cold conditions. Then the 
dissolved paint can simply be \ 
wiped off. Because the solvent 
is in contact with the outside 
of the paint only, premature 
removal of the solvent leaves 


behind undissolved paint 


D> Paint stripper being used 
to remove old paint 





4A repr 


sentation of 
methylene chloride. 

















Hydrogen chloride gas 

Hydrogen chloride gas is produced by reacting the gases hydrogen and 

chlorine. The reaction is an example of combustion without oxygen. 
Hydrogen chloride gas is colorless. The white fumes seen in these 

pictures are produced as the gas contacts moist air and forms small 

droplets of hydrochloric acid. 


2 Hydrogen of is produced EQUATION: Laboratory production of hydrogen 

oy reacting an acid on a metal “ 

ihesernall finmialtho we thaciee Hydrochloric acid + zinc * zinc chloride + hydrogen 

gas is inflammable hydrogen 2HCKag) + Zn) ZnCh(aq) + HL(g) 
Zine 


Hydrogen \ e se Re 


_ 


Chlorine 


























EQUATION: Producing hydrogen chloride gas 
Hydrogen+ chlorine hydrogen chloride gas 
+ Ch(g) ic 2HC\(g 





Chlorine 
Hydrogen 


J 


combustion: the special case of 





ibstance in which a 





t of heat and usually 






en out, Combustion is 


often referred to as “burning 


OV Chlorine gas is produced by the method shown on pages 10 and 11 
Hydrogen gas (ignited) is introduced into a flask of chlorine gas. The flame 


becomes white. Notice also a white “mist” at the end of the tube. This is 


where the hydrogen chloride attracts moisture 


The hydrogen and chlorine react to produce hydrogen chloride gas, which 


then attracts water and forms a mist of acidic water droplets (hydrochloric acid) 








Properties 
Hydrogen chloride has a 
pungent smell, If any of the 
gas is inhaled, it produces 
immediate, severe irritation 
of the nose and throat because 
it dissolves in the mucus. 
membranes and immediately 
turns into hydrochloric acid 

In addition to the method 
of preparation shown in the 
pictures on these pages 
hydrogen chloride can be made 
in the laboratory by reacting 
concentrated sulfuric acid 
on sodium chloride (see the 
equation on page 35) 

Vinyl chloride 1 
manufactured from acetylene 
and hydrogen chloride. When 


polyvinyl chloride is heated 
above 150°C, it decomposes 
releasing about half its weight 


is hydrogen chloride 








‘Hydrochloric acid 


| Hydrochloric acid, previously also called Demonstration of the 


| 
“muriatic acid,” is the gas hydrogen chloride reaction of two gases 

to make a salt 

Twa colarecteeeene 


(HCl) in water. Hydrochloric acid is a natural, 


strong mineral acid, found close to the site of iiieaclvcylinbes areurece re 


erupting volcanoes. It is also one of the main together. The upper one is 


acids involved in human digestion, breaking ammonia, the lower one 


: : hydrogen. chloride, Ammonis 
down the food in our stomachs. s 
is a base, so the gases react to 


Because hydrochloric acid is a strong acid, Suu ask 


it is a good electrolyte. The reaction produces a 


Most hydrochloric acid is produced as a “smoke” of white particles of 
5 ammonium chloride (the salt), 
| byproduct during the manufacture of plastics. 





Hydrochloric acid is vital for the manufacture 
of a common plastic, vinyl (see page 22). It is 
| mainly used in steelworks for cleaning steel 


and in extracting metals from their ores. 


Hydrogen 
chloride gas 
Ammonium chloride 
smoke appears where 
the hydrogen chloride 
and ammonia gas mix 
and react. 


Gas jars placed 
on top of one 
another and a 
blocking glass 
plate in between. 
The glass plate is 
removed to allow 
the g 
and react 








to mix 


Ammonia gas 





EQUATION: Hydrogen chloride and ammonia 


Hydrogen chloride gas+ ammonia gas ® ammonium chloride (solid) 
HC\(g t NH(g G NH,Cl(s) 
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to the touch and that can react with an 
acid in water to form a salt and water. 


j base: a compound that may be soapy 









salts: compounds, often involving a 
metal, that are the reaction products of 
acids and bases. (Note “salt” is also the 
common word for sodium chloride, 
common salt or table salt.) 


4 This picture shows dilute 
hydrochloric acid being poured 
‘onto limestone rock. 


These are bubbles of 
carbon dioxide gas. 


EQUATION: Hydrochloric acid and limestone 


Hydrochloric acid + calcium carbonate © calcium chloride + water + carbon dioxide gas 
2HCI(aq) + — CaCO,(s) 2 CaCh(aq) + H,0()) + — COx(g) 


Calcium 


f 
f 





Hi 
Chlorine |" /sroeen oO al 


Carbon 


Preparation of hydrochloric acid in the laboratory 

Hydrochloric acid is conveniently prepared by reacting concentrated sulfuric 
acid with sodium chloride. Sodium hydrogen sulfate is precipitated and 
hydrochloric acid (hydrogen chloride) gas is released. 


EQUATION: Sulfuric acid and sodium chloride 
Sulfuric acid + sodium chloride“ sodium hydrogen sulfate (precipitate) + hydrogen chloride (gas) 
H3SO,(I) + NaCl\s) rs NaHSO,(s) - HCl(g) 
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_ Fluorine 


Fluorine, the 13th most abundant element, gets its 























name from the Latin fluo, meaning to flow. This is 
because until recent times, fluorine compounds were 
used as a flux, a material that helps molten metal flow. 
| Compounds containing fluorine are found in all 
living things, from plant tissues to animal bones and 


blood. They are also widely found in water and in 
rocks. Fluorspar, often called Blue John, is the most 
common compound of fluorine and contains beautiful 
crystals (page 8). 

Fluorine is a tiny atom, and the most reactive of all the 
elements in the universe, which is why it never occurs 
in nature on its own. It can only be separated from 
compounds using large amounts of electrical energy. 
The fluorine thus produced is a pale yellow gas, highly 
poisonous and so corrosive that it is extremely difficult 
to store. Usually a vessel containing fluorine has to be 
coated inside with a plastic itself made with fluorine. 

Compounds of fluorine are called fluorides. Most 






Fluorine 
fluorides do not dissolve in water or oil, and they 

do not catch fire. Uranium hexafluoride was c 
arbon 
used in making the first atomic bomb. 


Tetrafluoroethylene 
Tetrafluoroethylene is a material containing fluorine that has 





‘A The monomer 
tetrafluoroethylene that 
is polymerized to make 
polytetrafluoroethylene, 
known as Teflon 


proved very popular, It is a polymer made from an extract of 
crude oil (ethylene) and fluorine 
Polytetrafluoroethylene is a soft white plastic (polymer) that virtually 





nothing sticks to. It is nonreactive with most chemicals (that is, it resists 

corrosion), heat resistant, and it is a very good electrical insulator. It is the 

nonstick surface used on many household cooking utensils and cookware. 
Because of all these useful properties, tetrafluoroethylene is used 

worldwide for tubes, gaskets and seals that must not deteriorate. It is 

also used for making bearings and as a coating on saw blades 


This material is one of the main sources of demand for fluorine. 











A Polytetrafluoroethylene coatings are found on many 
household pans to give them their nonstick finish 

The only problem with the material is that it is soft 
and so can be scratched with metal implements. For this 
reason wooden or plastic implements need to be used 
with nonstick pans. 


= Also... 
‘A Chains of units like the one shown Binor 
above form solid polytetrafluoroethylene. a0. ne 
The fluorine atoms shield the carbon i ceeaee 


atoms that make the chain (polymer) 
Thus the carbon atoms form a polymer 
that is shielded from reaction by the 
fluorine: the secret of the material's 
nonstick success, 











corrosive: a substance, either an acid or an alkali 


that attacks a wide range of other substanc 





flux: a material used to make it easier for 





flow. A flux dissolves metal oxides and so prevents 





z while being heated 


al from oxidiz’ 











polymer: a compound that is made of long chains by 
ombining molecules (called monomers) as repeating 
units. (“Poly” means many, “mer” means part 

resin: resins are natural or 5} polymers. They 
can be molded into solid objects or spun into thread 


Fluoride and teeth 

One of the most remarkable uses of a chemical has 
been the widespread use of compounds of fluorine in 
drinki 


Teeth have a natural coating called enamel, made 





water and toothpaste 


of calcium phosphate. This is quite a durable substance; 
however, tooth decay from eating too much sugar has 
become a serious problem in many countries 

Fluorides occur naturally in many water supplies, 
and scientists in the United States were able to show 
that in areas where there was more fluoride in the 


natural drinking water, there was a lower incidence 





of tooth decay. This is because fluoride strengthens the 


tooth enamel, creating a complex of calcium, fluoride 





and phosphate ions 


Fluoride is now added to many water supplies 





However, too high a level of fluoride in the water 


may cause teeth to become very hard and brittle and to 
develop a dark brown color. As a result it is important 


to control the level to about one part per million 

















CFCs 


Fluorine and chlorine have been widely 
used to make the coolant in refrigerators. 
Refrigerants are varieties of substances 
that include chlorine, fluorine and 
carbon, called chlorofluorocarbons 

or more commonly just CFCs. 

The properties of CFCs were found 
to be excellent for use in a number of 
industries. They are not poisonous, they 
do not catch fire, they absorb large amounts 
of heat, and they can be made to change from 
liquid to gas at temperatures that are just right for 
use in refrigerators. Because CFCs do not easily 
react with other chemicals, they also proved to be 
very good for use in aerosol cans, acting as the gas 
that expels the liquid from the can in a fine mist. 

The first CFCs were made in the 1930s. 
However, by the 1970s it was becoming clear that 
CFCs were not as safe as had once been thought. 
Their continued and escalating use was destroying 
the ozone layer high in the atmosphere. As a result, 
CFCs are being replaced with other refrigerants 
and gases as fast as is practical. 


Refrigerant is put through 
a thin panel in an ice box 
to give a large surface area. 


V CFCs such as Freon-I 
(CFCL,) are used as refrigerants. ie 
















A The gradual enlargement of 
the ozone hole — the region of the 
upper stratosphere that has been 
depleted of ozone — is thought 

to be largely the result of ozone 
reacting with the CFC molecules 
released from the ground, Recent 
attempts to limit the production of 
CFCs are designed to prevent more 
destruction of the ozone, a vital 
shield against the cancer-producing 
ultraviolet rays of the Sun, 


Heat is dissipated 
from refrigerant in 
the grill at the back. 








Heat inside the refrigerator 
is absorbed by refrigerant in — 
pipes. cooling the interior. 


D A diagram of the mechanism 
of a refrigerator. CFCs are very 
efficient coolants because of 
their high thermal capacity and 
boiling points. They are also 
cheap to manufacture. Finding 
replacement chemicals is 
proving to be extremely 
difficult. 
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¥ When chlorofluorocarbons (CFCs) reach the stratosphere, they are broken down 
by ultraviolet solar radiation, releasing chlorine atoms. These atoms attack the ozone 
molecules. A single atom can survive in the stratosphere for four to ten years, and 
during that time it can destroy countless ozone molecules. It is a three-stage process, 
as shown by the equations below. 


EQUATION: Reaction of CFCs with ozone 

@ CFC + ultraviolet light = chlorine 
CFC(g) + UVlight © Clg) 

@ Chlorine atom + ozone = chlorine oxide + oxygen 
Clg) + O,(g) ¢ Clo(g) + Ox(g) 


© Chlorine oxide + oxygen atom = chlorine atom + oxygen 
ClO(g) + Og) Q Cl(g) + O3(g) 


eO+e Bi + 
A chlorine (Cl) 
atom is released 


from CFCs and Ozone (O,) molecules 
carried into the are formed in the 
upper atmosphere upper atmosphere. 


by air currents. 
o> Pd i) w 
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How refrigerants work 





A refrigerator works by taking heat from one part of its surroundings 


and giving it out elsewhere. In general, refrigerators take heat from 
the area inside them, near the ice box, and give it out to the room 
through a network of pipes fixed to the back of the refrigerator. 

To act as a refrigerant, the liquid used has to be pumped around 
tem of closed tubes. The liquid is made to boil inside the 





as’ 





refrigerator and to condense outside. 

The liquid chosen has to be able to get very cold inside the 
refrigerator (so that is can take up heat from the air in the ice 
compartment) and get very hot outside it (so it can give heat out 
to the surroundings). Ammonia is one common gas that could be 
used, but the inert (nonreacting) properties of CFCs are preferable. 





ozone: a form of oxygen whose 
molecules contain three atoms of 
oxygen. Ozone is regarded as a 
hin the 
atmosphere because it blocks 


beneficial gas when h 








ultraviolet rays, It is a harmful gas 
when breathed in, so low-level 
ozone which is produced as part of 
city smog is regarded as a form of 
pollution. The ozone layer is the 
uppermost part of the stratosphere 


stratosphere: the part of the 
Earth's atmosphere that lies 
immediately above the region in 
which clouds form. It occurs 
between 12 and 50 km above the 
Earth’s surface. 


This very reactive 
chlorine atom is called 
a “free radical.” It can 
now react with another 
ozone molecule, causing 
further destruction of 
the ozone layer. 





A The first CFC-free substitutes 
are now being produced, This 
one is called KLEA. 
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Iodine 


Iodine is named after the violet color of its vapor. 























It is a blue-black solid at room temperature and is very 
poorly soluble in water, although its compounds are all 
soluble. Tincture of iodine, often seen on the bathroom 
shelf as a dark brown liquid, is iodine dissolved in 
alcohol. In this form it makes a useful disinfectant. 

Iodine is poisonous in high concentrations but 
health-giving in trace amounts. It is an essential element 
to both plants and animals. In animals it is found in the 
thyroid gland in the throat, where it is used to make 
vital chemicals that control the rate of body activity. 
Without sufficient iodine, body activity is slowed 
down, and stunted growth results. A lack of iodine also 
causes the throat to swell, called a goiter. For these 
reasons, iodine is added to almost all table salt on sale 
to the public (sometimes labeled as iodized salt). 

Iodine is quite common in the world, especially in 
seawater. However, it does not make up any kind of 
rock, so no large mineable deposits exist. It is mainly 


recovered from ancient salt deposits. 


Seaweeds 

A number of sea plants contain large natural 

concentrations of iodine. Sea sponges were 

traditionally used to reduce the swelling of goiters. 
Later it was discovered that the more common 

seaweed kelp also contains large amounts of 

iodine. Seaweed can be eaten to ensure sufficient 


iodine in a diet 


lodine and rain 


Iodine combines with many metals, but one DP Here you can 
of the most important is silver. Silver iodide see the particles of 
solid iodine in a tube 
crystals have been used in rain-making Se ay 
§ containing water. Clearly, 
experiments because they attract moisture and iodine does not dissolve well 
act as condensation nuclei — particles that can in water; however, almost all 


“ ” iodine compounds ar Huble 
grow” the water droplets that fall as rain. P esolubies 








Chlorine displaces iodine coadeniafion nociet 








es 3 _ = microscopic particles of 
The halogens form a family of : re 

3 dust, salt and other materials 
elements with similar properties suspended in the air that 
and that form similar compounds. & accract water molecules 
When put together, the more vapor: the gaseous form of 
reactive will displace those that are a substance that is normally 
less reactive, as shown to the left and a liquid. or secanple, waves 


vapor is the gaseous form of 





below. When chlorine is bubbled 
iquid water 


through colorless potassium iodide 

solution, it turns brown. This color is 

V Chlorine gas is produced and 
bubbled through a beaker filled 
with a solution of potassium iodide. 
bottom of the beaker, leaving a clear The brown color is the iodine 
displaced by the chlorine and 
released into the solution 


caused by tny solid crystals of iodine 
that will, over time, settle out on the 


solution of potassium chloride 





Iodine and health 
Iodine has long been used 


as a mild antiseptic and 
disinfectant. You will also 
find iodine combined with 
some detergents that claim 
to disinfect as well as clean. 





Also... 
. . . . Fluorine is the most reactive 
EQUATION: Displacement of iodine by chlorine of the halogens) follawed by 





chlorine, bromine and then iodine 


Potassium iodide + chlorine gas «> potassium chloride + iodine 
2KI(aq) ot Cl(g) q 2KCl(aq + L(s Periodic Table (see page 47) 


as we descend the group in the 














Bromine 


Bromine, a dark red liquid, is named 
for the Greek word meaning “stench.” 
Bromine is never found as an element 
alone because, like the other elements 
in this book, it is very reactive. Bromine 
occurs as ions in seawater, and it is 
normally obtained as a byproduct of 
refining common salt. 

Like iodine, bromine is concentrated 
in the bodies of some sea life. Both kelp 
and shellfish can be sources of bromine. 
The sea mollusc murex was traditionally 
used to make a purple dye, which was 
a compound of bromine. People in the 
Victorian era drank a potion containing 
a compound of bromine to help 
them sleep. 

Bromine is still used in dyes. It was 
used in leaded fuel, but this is declining 
with the use of unleaded fuels. It is 
perhaps best known for its use as silver 
bromide in photographic papers. 


D Bromine gas 


Manufacturing bromine 
Bromine can be made from seawater, using 
the property that chlorine will displace 
bromine in compounds 

About 22,000 tons of seawater have to 


be processed to collect one ton of bromine. 





EQUATION: Obtaining bromine from seawater 


Chlorine gas + bromine ions in water ~ bromine + chloride ions in water 
Cl.(g) a6 2Br (aq) S Bro(g) + 2Ch-(aq) 





a 





Bromide in photography emulsion: tiny droplets of one 


= 2 ss = substance dispersed er, 
Film for black-and-white photography consists of a transparent : Be ener 
5 ? A common oil in water emulsion 





plastic sheet on which is spread a thin layer of an emulsion is called milk. Because the tiny 
consisting of a suspension of minute mixed crystals of silver droplets tend to come together, 
bromide and silver iodide in gelatin. The gelatin not only another stabilizing allwence is 
Malte tieeraine hitals fener th % cee often needed. Soaps and detergents 
0 g ut also greatly increases their sensitivity to are such agents, wrapping the 
light. When light shines on this material, the silver aggregates particles of grease and oil in a 
into visible particles. These will form the image. Black-and- stable coat. Photographic film is 


white processing paper also contains silver bromide. ab eaimple at asolid catbign 


EQUATION: Silver bromide and photographers’ hypo 


Sodium thiosulfate (photographers’ hypo) + silver bromide = silver complex + sodium bromide 
2Nax8,0(aq) + AgBr(s) a NajAg($203)2(aq) + NaBr(aq) 


D A black and white 
transparency. 
Oxygen 


i oa 


Also... A new disinfectant 


Sulfur 













s 
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Bromine is part of a new disinfectant for 

swimming pools that has been designed to 

get rid of several problems caused by the use 

of chlorine alone. Chlorine is only effective for 

about a day, and it is irritating to the eyes because 

it has to be used in quite large concentrations 
The new disinfectant (1-bromo-3-chloro-4,4,5,5, 

tetramethyl-2-imidazolidinine, or BCI for short) is 

colorless, has no taste or smell and lasts for about ~ 

a month between treatments. The reason that ©) 

chlorine has side effects is that it readily ionizes 

in water and reacts with organic impurities. 

The methyl groups in the new disinfectant stop 

the compound from breaking down as quickly 
When bromine does break free, it acts as a rapid 

disinfectant, while the rest of the molecule, containing 

the chlorine, acts as a longer-acting disinfectant. 


Hydrogen = 








Nitrogen 


Also... 


All of the halogens can be made into useful 
solvents, Organic bromine complexes are 

used as paint strippers. Bromine is also used 
in compounds designed as flame retardants 


Chlorine 


Bromine 


(43) 


Oxygen 














Key facts about... 
Chlorine 


Greenish-yellow gas, 
chemical symbol Cl 


Chloride ions make up Pungent smell 
0.015% of the Earth’s crust 


Found in common salt 


About two and a half 


times as dense as air Slightly soluble 
in water 


The foundation for Chloride ions 
hydrochloric acid make up nearly 


2% of seawater 


Atomic number 17, 
atomic weight about 35 


Iodine 


Violet liquid, 
chemical symbol | 


Poisonous in large KGS — 17th most abundant 


amounts, but essential element in seawater; 


as a trace element to all 62nd in the Earth’s crust 
plants and animals 


, 


7 Mainly used as a 
y 


A black solid at disinfectant 


room temperature “Ne Loe 


Atomic number 53, 
atomic weight about 127 








Bromine 


48th most common 
element on Earth 


Mainly used for 
photography as 
silver bromide 


SHELL DIAGRAMS 
The shell diagrams on these pages 
are representations of an atom of 
each element. The total number 
of electrons is shown in the 
relevant orbitals, or shells, 
around the central nucleus. 


Electron shell 
Electron 


Nucleus containing 
protons and neutrons 
(called nucleons) 











Fluorine 


The most reactive 
of all elements 


Used with carbon- 
based compounds to 
make nonstick plastic 


Extensively used to 
prevent tooth decay 





Brown gas, 
chemical symbol Br 


Powerful 
unpleasant smell 


Makes up 
0.0065% of 
seawater 


Bromine compounds 
were once given as 
sedatives 


Used in flame 
retardants 


Atomic number 35, 
atomic weight about 80 


Pale yellow gas, 
chemical symbol F 


Extremely poisonous 
in elemental form 


Highly corrosive as 
a gas and as 


hydrofluoric acid 
x 


“ee Exists freely 
only as a gas 


Atomic number 9, 


atomic weight about 19 














The Periodic Table 


The Periodic Table sets out the relationships writing a chemistry textbook and wanted to show 
among the elements of the Universe. According his students that there were certain patterns in the 
to the Periodic Table, certain elements fall into elements that had been discovered. So he set out 
groups. The pattern of these groups has, in the the elements (of which there were 57 at the time) 
past, allowed scientists to predict elements that according to their known properties. On the 

had not at that time been discovered. It can still assumption that there was pattern to the elements, 
be used today to predict the properties of he left blank spaces where elements seemed to be 


unfamiliar elements. 


The Periodic Table was first described by a Table, he was able to predict in detail the chemical 
Russian teacher, Dmitry Ivanovich Mendeleev, and physical properties of elements that had not yet 
between 1869 and 1870. He was interested in been discovered. Other scientists began to look for 


GROUP 








missing. Using this first version of the Periodic 


the missing elements, and they soon found them. 


2 





Re Metals 
ea Metalloids (semimetals) 
@ Nonmetals 







Transition metals 





Lanthanide metals 


*% 


Actinoid metals 



















Hydrogen did not seem to fit into the table, and 
so he placed it in a box on its own. Otherwise the 
elements were all placed horizontally. When an 
element was reached with properties similar to the 
first one in the top row, a second row was started. 
By following this rule, similarities among the 
elements can be found by reading up and down. 
By reading across the rows, the elements 
progressively increase their atomic number. This 
number indicates the number of positively charged 
particles (protons) in the nucleus of each atom. 
This is also the number of negatively charged 
particles (electrons) in the atom. 

The chemical properties of an element depend 
on the number of electrons in the outermost shell. 
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Atomic (proton) number 





Approximate relative atomic mass 





Atoms can form compounds by sharing 
electrons in their outermost shells. This explains 
why atoms with a full set of electrons (like helium, 
an inert gas) are unreactive, whereas atoms with an 
incomplete electron shell (such as chlorine) are 
very reactive. Elements can also combine by the 
complete transfer of electrons from metals to 
nonmetals, and the compounds formed contain 
ions. 

Radioactive elements lose particles from their 
nucleus and electrons from their surrounding 
shells. As a result they change their atomic number 
and so become new elements. 








Si 


Silicon 


34 
Se 
oars 
79 
52) 


Sb AE: 


Antimony Tellucun 
22 


Yb 


Yucca, 


Mondelevinin Sabesiom 
258) £259) 











Understanding equations 


As you read through this book, you will notice 
that many pages contain equations using symbols. 
If you are not familiar with these symbols, read 
this page. Symbols make it easy for chemists to 
write out the reactions that are occurring in a 
way that allows a better understanding of the 
processes involved. 


Symbols for the elements 

The basis of the modern use of symbols for 
elements dates back to the 19th century. At this 
time a shorthand was developed using the first 
letter of the element wherever possible. Thus 
“O” stands for oxygen, “H” stands for hydrogen 


Written and symbolic equations 


and so on. However, if we were to use only the 
first letter, then there could be some confusion. 
For example, nitrogen and nickel would both 
use the symbols N. To overcome this problem, 
many elements are symbolized using the first two 
letters of their full name, and the second letter is 
not in capitals. Thus although nitrogen is N, 
nickel becomes Ni. Not all symbols come from 
the English name; many use the Latin name 
instead. This is why, for example, gold is not G 
but Au (for the Latin aurum) and sodium has the 
symbol Na, from the Latin natrium, 
Compounds of elements are made by 
combining letters. Thus the molecule carbon 


In this book important chemical equations are briefly stated in words (these are called 
word equations) and are then shown in their symbolic form along with the states. 


What reaction the equation illustrates 


EQUATION: The formation of calcium hydroxide 


Written equation 


“2 


CaO6) 
Symbol equation ———_ 


Sometimes you will find an additional 
description below the symbolic equation 


Diagrams 
Some of the equations are shown as graphic representations. 


Oxygen 


Hydrogen 
+ 


Calcium 


Calcium oxide Water 


Sometimes the written equation is broken up and put 
below the relevant stages in the graphic representation. 





~~ — Calcium oxide + water «> calcium hydroxide 
H,0() ~~ Ca(OH)s(aq) 


heated 


Symbol showing the state: 
sis for solid, | is for liquid, 
is for gas and aq is for aqueous. 


Calcium hydroxide 





monoxide is CO. By using letters that are not 
capitals for the second letter of an element, it is 
possible to show that cobalt, symbol Co, is not 
the same as the molecule carbon monoxide, CO. 

However, the letters can be made to do much 
more than this. In many molecules, atoms 
combine in unequal numbers. So, for example, 
carbon dioxide has one atom of carbon for every 
two of oxygen. This is shown by using the 
number 2 beside the oxygen, and the symbol 
becomes CO . 

In practice, some groups of atoms combine as a 
unit with other substances. Thus, for example, 
calcium bicarbonate (one of the compounds used 
in some antacid pills) is written Ca(HCO)>. This 
shows that the part of the substance inside the 
brackets reacts as a unit, and the “2” outside the 
brackets shows the presence of two such units. 

Some substances attract water molecules to 
themselves. To show this a dot is used. Thus the 
blue-colored form of copper sulfate is written 
CuSO,.5H;0. In this case five molecules of 
water attract to one copper sulfate. When you 


Atoms and ions 

Each sphere represents a particle of an element. 

A particle can be an atom or an ion. Each atom or ion 
is associated with other atoms or ions through bonds — 
forces of attraction. The size of the particles and the 
nature of the bonds can be extremely important in 
determining the nature of the reaction or the 
properties of the compound. 


This indicates that the 


compound is ionic. 





D This represents 
a unit of sodium 
bicarbonate (NaHCO,). 





is sometimes used to simplify 
the representation of a combination of ions. 


see the dot, you know that this water can be 
driven off by heating; it is part of the crystal 
structure. 

In a reaction substances change by rearranging 
the combinations of atoms. The way they change 
is shown by using the chemical symbols, placing 
those that will react (the starting materials, or 
reactants) on the left and the products of the 
reaction on the right. Between the two, chemists 
use an arrow to show which way the reaction is 
occurring. 

It is possible to describe a reaction in words, 
This gives a word equation. Word equations are 
used throughout this book. However, it is easier 
to understand what is happening by using an 
equation containing symbols. These are also 
given in many places. They are not used when 
the equations are very complex. 

In any equation both sides balance; that is, 
there must be an equal number of like atoms on 
both sides of the arrow. When you try to write 
down reactior 








, you, too, must balance your 
equation; you cannot have a few atoms left over 
at the end! 

The symbols in brackets are abbreviations for 
the physical state of each substance taking part, 
so that (s) is used for solid, (/) for liquid, (g) for 
gas and (aq) for an aqueous solution, that is, a 
solution of a substance dissolved in water, 


Chemical symbols, equations and diagrams 
The arrangement of any molecule or compound can 
be shown in one of the two ways below, depending 
on which gives the clearer picture. The left-hand 
diagram is called a ball-and-stick diagram because it 
uses rods and spheres to show the structure of the 
material. This example shows water, H,O. There are 
two hydrogen atoms and one oxygen atom. 


Bond shown 


by “stick” oo ? 
jy "4 Zz 


yy 


Colors too 
The colors of each of the particles help differentiate 
the elements involved. The diagram can then be 
matched to the written and symbolic equation given 
with the diagram. In the case above, oxygen is red 
and hydrogen is gray. 





Glossary of technical terms 


adsorb/adsorption: to “collect” gas molecules 
or other particles orito the surfave of a substance 
They are not chemically combined and can be 
removed, (The process is called “adsorption.”) 
Compare to absorbs 


alkali: a base in solution 


amalgam: a liquid alloy of mercury with 
another metal 


base; a compound that may be soapy to the 
touch and that can react with an acid in water 
to form a salt and water 


bleach: a substance that removes stains from 
materials either by oxidizing or reducing the 
staining compound. 


cell: a vessel containing two electrodes and 
an electrolyte that can act as an electrical 
conductor 


chlorination: adding chlorine t a substance 


combustion: the special case of oxidization 
of a substance in which a considerable 

amount of heat and usually light are given out 
Combustion is often referred to as “burning” 


condensation nuclei: microscopic particles 
of dust, salt and other materials suspended 
in the air that attract water molecules 


corrosive: 1 substance, either an acid or an 
alkali, that rapidly attacks a wide range of other 
substarices 


decompose: to break down a substance 
(for example, by heat or with the aid of a 
catalyst) into simpler components, In such 
‘chemical reaction only one substance ts 
involved 


desertification: a process whereby a soil 
svallowed to become degraded to a state that 
crops can no longer grow, ie., desertlike 
Chemical deserntication is usually the resale 
‘of contammation with halides because of poor 
irrigation practices, 


detergent: « chemical based on petroleum 
that removes ditt 


diaphragm: 1 semipermeable membrane 
atkind of ultrafine mesh filter — chat will allow 
only small ions to pass through, Ie is used an the 
clectrolysis of brine 


disinfectant; a chemical that kills bacteria and 
other microorganisms 


electrolysis: an clectrical-chemical process that 
uses an electric current to cause the breakup of 
4 compound and the movernent of metal ions 
in a solution, The process happens in many 
natural situations (as for example tn rusting) 
and 1s also commonly used in industry tor 
purifying (refining) metals or for plating 

metal objects with a fine, even metal coatin 


electrolyte: a solution that conducts electricity 


emulsion: tiny droplets of one substance 
dispersed in another. A common oil in water 
‘emulsion is called milk, Because the tiny 
droplets tend to come together, another 
stabilizing substance is often needed 

Soups and detergents are such agents, 
wrapping the particles of grease and oil 

in a stable coat, Photographic film is an 
example of a solid emubion, 


exothermic reaction: 4 reaction that g 
heat to the surroundings. Many oxidation 
reactions, for example, give out heat. 


explosive: a substance which, when a shock is 
applied to it, decomposes very rapidly, releasing 
avery large amount of heat and creating a large 
volume of gases as a shock wave 


fluorescent: a substance that gives out visible 
light when struck by mv 
ultraviolet rays 


ux: a material used tc 
liquid to flow. A flux dissolves metal oxides 
| from oxidizing while 


ier for a 


and so prevents a 
being heated 


fungicide: any chemical that is designed to kill 
fungi and control the spread of fungal spores. 


gelling agent: a semisolid jellylike substance 


halide: 4 salt of one of the halogens 
(Quorine, chlorine, bromine and iodine) 


halite; the mineral made of sodium chlonde. 


hydrocarbon: 4 compound in which 
only hydrogen and carbon atoms are present 
Most fuels are hydrocarbons, as is the simple 
plastic polyethylene. 


indicator: a substance or mixture of substances 
that change color with acidity or alkalin 


ion: an atom, or group of atoms, that has gained 
or lost one or more electrons and so developed 
an electrical charge. lons behave d 

from electrically neutral 

They can move in 

also bind strongly to solvent molecules such as 
water. Posiavely charged ions are called « 
negatively charged tons are called anions, 

fons carry electrical current through solutions 


neutralization: the reaction of acids and 

bases to produce a salt and water. The reaction 
n from the acid and hydroxide 
from the base to be changed to water. For 
example, hydrochlonc acid reacts with sodium 
hydroxide to form common salt and water 
The term is more generally used for any 
reaction in which the pH changes toward 7.0, 
which ts the pH of a neutral solutior 


causes hyde 


organic substance: substance that contains 
carbon 


osmosis: a process whereby molecules of 
a liquid solvent move through a membrane 
(filter) from a region of low concentration 
to a region of high concentration of solute 


oxidation: a reaction in which the oxidizing 
agent removes electrons. (Note that oxidizing 
agents do not have to contain oxygen.) 


oxidizing agent: a substance that removes 
electrons from another substance (and therefore 


ozone: a form of oxygen whose molecules 
contain three atoms of oxygen, Ozone is 
regarded as a beneficial ys when high in the 
atmosphere because it blocks ultraviolet rays 
{cis a harmful gas when breathed in, $0 low= 
level ozone which is produced as part of city 
smog 1s regarded as a form of pollution 

The ozone layer is the uppermost part 

of the stratosphere 


pesticide: any chemical that is desi 
to control pests (unwanted organisms) that 
are harmful to plants or animals 


plastic (material): a carbon-based material 
consisting of long chains (polymers) of simple 
molecules, The word plastic is commonly 
restricted (o synthetic polymers 


playa: a dred-up lake bed that is covered with 
salt deposits, From the Spanish word for beach, 


polymer: a compound that is made 

of long chains by combining molecules 
(called monomers) as repeating anits, 
("Poly” means many, “mer” means part) 


precipitate: tiny solid particles formed 
as a result of a chemical reaction between 


‘ovo liquids oF gases 


reducing agent: a substance that gives electrons 

to another substance. Carbon monoxide 18 a 

reducing agent when passed over copper oxide, 

turning it to copper and producing carbon 

dioxide gas, Similarly, iron oxide 1s reduced 

to iron ina blast furnace, Sulfur dioxide is 
jeducing agent used for bleaching bread 


resin: resins are natural or synthetic polymers 
They can be molded into solid objects or spun 
into thread. 


saline: a solution in which most of the dissolved 
matter 1s sodium chloride (common salt) 


salts: compounds, often involving a metal, 

that are the reaction products of acids and 
bases, (Note “salt” is also the common word 
for sodium chlonde, common salt or table salt.) 


solvent: the main substance in a solution 
(e.g. water in saltwater), 


stratosphere: the part of the Earth’s atmosphere 
that lies immediately above the region in which 
clouds form. It occurs between 12 and 50 km 
above the Earth's surface. 


toxic: poisonous enough to cause death 


vapor: the gaseous form of a substance that 
is normally a liquid, For example, water vapor 
1s the gascous form of liquid water. 
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air 14: 38, 125 6,7. 17 
air bag 11 
AIT 4 44 
alchemists, alchemy 1: 
alclad 7 23 
alcohols 8: 28 
algae 3:4, 40, 113 43 
algal blooms 11: 43 
alkali 1: 20, 34, 35, 2: 5, 32, 7: M4, 
33, 36, 11: 12, 14, 15, 39 
alkaline 1 20, 32, 38, 2: 6, 31, 32 
alkanes (paraffins) 8: 28 
alloy 4: 34, 35, 36-37, 40, 5: 20, 
62 20, 22, 41, 7: 22-23, 9: 31, 
10: 40, 41 
alpha particle 15: 8, 42 
alpha radiation 1 
alum 7: 4,7, 36, 8: 15 
alumina 7: 16, 17, 18, 19, 34 
alumina-siliea gel 8: 27, 1: 26, 36 
aluminum 4: 26, 








35, 8: 23 

















23, 15: 11 





























12: 10, 38, 15:9 

aluminum foul 30 

aluminum hydroxide 7: 36, 

aluminum oxide 7: 7, 14, 16, 17, 18, 

2 20, 21, 9: 13, 
12:11, 39, 4217 

aluminum silicate 9: 26 

aluminum sulfate 7:7, 36, 38. 8: 15 

amalgam 5: 35, 42, 6: 26, 36, 37. 

19 

















algamation 5: 

Amatol 11: 27 

amethyst 9: 12 

amino acids 8: 36 

ammonia 1: 16-17, 22, 2 
2:28, 29,7: 36, 11: 12-17, 36, 
37, 13: 36, 43, 142 17, 34, 39 

ammonia fountain 112 15 

ammonia solution 

















ammonite 3: 9 
ammonium chlonde 1: , 2 28, 
29, 4: 41, 6: 14, 15, 112 13, 

1 
ammonium dichromate 113 24, 
ammonium hydroxide 11: 12 
ammonium nitrate 11: 13. 
ammonium nitrite 11: 2 
ammonium perchlorate 12: 39, 

1 
ammonium sulfite 7: 36, 11: 14, 

1 
ammunition 10: 15, 11: 
amorphous 9: 38 
amphiboles 9: 24 
amphoteric 6: 10, 7 14 
anesthetics 14: 5 


























anglesite 10: 7 
anhydrous 13: 34 
amions 3: 29, 6: 12, 
annealing 7: 20, 9:41 





anode 2: 23, 26, 3: 37, 6: 12, 13, 7: 
19, 25, 10: 11 

anodizing 7: 26 

antacid 2: 31, 3: 5, 42, 49, 8: 15 






anthracite 
antibacterial 
antimony 1 
antimony-133 15: 
andoxidant 1 
anuseptic 1 
apatite 11: 42 
aqua forts 1 11: 36 
agua regia Uz 22, 26, 5241, 11 36 
aquamarine 9: 23, 12: 10 
aguifers 2: 20 
architectural brass 5: 19 
Art 3,44 
argon 1: 38, 39, 42, 45, 430, 11: 8, 
9, 12: 17, 15: 11 

arsemec 2: 30, 13: 42 
asbestos 14: 20) 
asphalt 8: 
aspirin 
atmosphere 3: 12,1 
atom 1: 4, 38, 15: 4, 7 
atomic bomb 15: 38, 39 
atomic number 1-15: 44, 45, 47 
vromic weight 1=15: 44, 45, 47 
acoms 8: 8 
Au 5:5, 45, 
augite 9: 24 

ora 12: 7, 1127 
Australia 7: 
azide 11: 























p, 12: 6, 8, 12 












background radiation 15: 14-15 
Bacon, Roger 11: 26 

bacteria 13: 8, 
Backland, Leo 8: 31 
Bakelite 8: 31 

baking powder 2: 30, 
baking soda 2: 28, 30, 8: 14 
barite 13: 12 

barium chlorate 14: 24 
bartum-142 15: 28 

barium peroxide 4: 22 
barium sulfate 13: 12 





barometer 6: 30 
basale 9: 24, 43, 15: 18 
base 23, 32-33, 34, 2: 32, 
1,35, 
base bullion 10: 10 
basic-oxygen furnace process 
3 
basic-onygen process 12: 27 
battery 4: 41, 6: 5, 12, 10: 28, 
13: 30, 31 
bauxite 7: 10-11, 13, 14, 16, 18 
Bayer, Karl oseph 7: 12 
Bayer process 7: 14, 16 
becquerel 15: 13, 22 
Becquerel, A. H. 6: 35, 15: 5, 12. 22 
bronze 5:21 






















beryl 
beryllium 
Bessemer € 





Bessemer, Sir Henry 4: 
beta particle 15: 8 


beta radiation 15: 8, 9 





bicarbonate 

Big Bang 15: 7 

bionte 

bismuth 10: 11 

black ph 

blast furnace 4 2 

bleach 4: 42, 12: 21, 13: 18, 20-21 
14: 14, 15, 24 

bleaching agent 13: 18-21 

Wood 12: 15 

blood (salts) 2: 18, 19 


blue-green algae 11: 








38 
26, 27, 1 
















8.19, 









Blue Jol 8.36 
blue vitnil 5: 24. 13: 32 
body 2: 18,19, 3: 5, 32 
bog iron ore 4: 13 


bond 1: 9, 11, 2: 23,3: 49 
bone 3: 5, 32 
Bordeaux mixture 5: 23, 13: 34, 42 
bornite 
boron oxide 9: 38, 
borosilicate glass 9: 39 
Br 14:5, 45 
brass 5: 18-19, 20, 
15 
braze 5: 18, 7: 20 
Brazil 7: 11 
breeder reactor 15: 35 
brimstone 13: 4, 5, 10 
brimstor 
brine 








27, 6: 4, 20, 10: 





ind treacle 13: 
: 14, 15, 2: 12, 13, 
28, 29, 40, 6: 33, 1 
bromide 14: 
bromine 8: 23, 14: 4, 5, 6. 8. 27. 42- 
43,45 
ol blue 1: 21 
21, 27. 34, 6: 20, 21 
10: 40, 41 
Bronze Age 5: 20,10: 5, 41 





















ste = 8. 22 


buffer 1 
building stone 3: 18 


burette 1 
burt him 





burnt ocher 4: 13 





Cea 44 
Casi 444 
cadmium 6: 





|, W043, 45, 15s 34 

cadmium battery 6 41 

cadmium borate 6: 42 

cadmium hydroxide 6: 41 

cadinium plating 6: 40 

cadnaium sulfide 6; 40, 42, 43, 9: 41 
13: 12, 24, 25 

cadmium cellunde 6: 42 

cadmiuin test 6-40, 

calcite 32 8, 10, 14, 16, 33, 9: 18 








calcium 33 4,6, 38, 40, 42. 44, 726, 
9: 11, 20, 38, 
calcium bicarbonate 1: 29, 3: 15, 27, 





38, 42 
calewm carbonate 1:23, 29, 34, 3: 
8, 12, 15, 16, 21, 26, 33, 39, 
43, 4: 31, 8: 15, 9: 9, 18, 39, 
40, 14 35, 
calcium chlorate 142 14, 16, 24 
calewm chloride 2: 28, 14: 19 
caleium fluonde 3: 8, 14: 8, 9 
caleiuny hydrogen carbonate 3: 38 
calcium hydronide 33 6, 24, 26, 28, 
1: 14 
calcium tons 3: 25, 28, 40, 
calcium oxide 2: 29, 32 20, 24, 48, 














4: 26, 31, 7216, 11: 14, 123 26, 
14s 14 

calcium phosphate 3: 32, 11: 38, 42, 
43, 14837 





calcium silicate 4 
caloium sulfite 33 8, 30, 4: 
12, 13,32, 11: 43 
2 








calomel 
camphor 8: 31 
cancer 18; 42 
42, 33, 40 
carats 5: 40 
carbohydrate 8: 18 
carbon 1: 24, 4: 
32,.M, 41, 
84,44 


cans 7: 









14, 15, 718, 19, 
213, 102 8, 10, 
26, 13: 26, 27, 142 13, 








carbon black 4: 41, 8: 22 
carbon compounds 
carbon cycle 8: 10-11, 13 
carbon dating 15: 18 
carbon dioxide 1 
30, 31 
4: 
12-15, 18, 112 8, 12: 14, 15, 
24,38. 41 
carbon dioxide, ridioactive 152 14 
carbon-14 11: 6, 15: 7, 10, 16,17, 
0) 














carbonic acid 1: 28-29, 
Carboniferous Period 8: 
4:24, 27, 30, 
7.10: 8, 125 13, 


















carbon rod 4: 41 

carbon tetrachloride 14: 30 
carbon-12 15:7 

carbonyl compounds 8: 28 
carborundum 8: 5 

carbox 


case hardening 

cassiterite 10: 34 

cast iron 4: 24, 

casting 6: 22, 23, 7: 22 

Castner, Hamilton 2: 26. 

‘Castner-Kellner cell 6: 33 

Castner-Kellner process 143 18-19 

catalyst 1: 12, 13, 17, 8:27, 1: 17, 
19; 22, 28 

catalyne converter 12: 41, 
10: 35 

cathode 22 23, 27, 3: 37, 4241 
6: 12, 13, 7: 18, 19, 10: 11 

cathode ray tube 6: 42 

cathodic protection 
12: 32, 33 

cathodic protector 7: 

cation 2: 15, 35, 3: 29 

eats 13 

caustic 3: 22 

caustic yoda 4: 32, 2: 6, 32, 34, 35, 
WAS 

aves, cave formations and caverns 
3:14 

Cd 6:5, 45 

cell 6:13 

cellulose 8: 18, 31, 38, 12: 

cellulose acetate 8: 31 

cellulose merate 8: 31 

cement 3: 5, 21 

ceramic 9: 29, 31 

Cerenkov radiation 15: 45 

cere 1 

cerussite 10: 7 

cesium-157 15: 39 

CFCs see chlorofluorocatbons 

chain silicates 9: 24 

chalcedony 9: 13 

chalcopyrite 5: 6, 13: 12 

chalk 3:4, 10) 

chalk 8: 10 

charcoa 23, 14: 26, 13: 41 

charge, furnace 4: 

chemical bonds 

Chernobyl 15: 37 

china clay 9: 26, 28 

chlorates 14: 24 

chlonde ions 1: 34, 2: 9, 22, 26, 
14: 8, 20 

chlorinated hydrocarbons 142 30) 

chlorination 14: 11 

7, 12, 23, %6, 27, 


chlorine 1: 15, 
6: 33, 8: 33, 12: 12, 13: 20, 
40, 14:5, 6, 8, 10-35, 38, 39, 
A 

chloroethylene 8: 83, 14: 23 

chlorofluorocarbons 12: 12, 145 38, 
39 

chloroform 14: 5 

chlorophyll 3: 34 

cholera 14: 16 

chromatography 7: 35, 8: 20 

chrome 1 


chrome alloys 43.36 
chrome oxide 4: 38 
chrome steel 42 36 


chromic acid 


chromic oxide 4: 37 
chromate 4: 36 
chromium 4: 5, 34, 


chromium oxide 1 
chromium III oxide 

cinnabar 6: 5, 26 

circunt 9: 36, 

autric aad 1: 

cumine 9: 12 

Chig: 4,44 

clay 3: 29, 7: 7, 8 34, 36, 9: 26, 29) 
CN gas 1 


cobalt hydroxide 1: 33 
cobalt sulfide 13: 24 
cobalt-64) 15: 17 
coinage metals 8: 4 
coins 5: 20, 28, 41 
coke 1s 24, 4: 25, 27, 5: 11, 10: 10, 
12: 24, 26, 29, 13: 27 
collector 9: 36 
color 3: 8, 10, 
11: 39, 12: 34, 38, 
compound 2: 5, 22, 3:4, 7, 4, 
4: 20, 8: 7, 50, 11:39, 41, 
12: 15, 35, 39, 13: 15 
Comstock Lode 
concentrated acid 1: 19 
conchondal fracture 9 15 


condensation polymers 8: 36-37 

conduction, electrical 2: 22, 23, 
5: 16, 7: 28, 1 

conduction, heat 5: 15, 7: 29, 30, 
31 

Contact process 13: 28-29 

control rods 15: 34, 35 

copper 1: 12, 29, 2: 23, 4: 6, 7, 40, 
524, 6-27, 44, 6:8, 10, 12, 

37, 7: 4, 22, 28, 8: 17, 


copper carbo 
13: 34 

copper chlorate 14 

copper chlonde 14: 

copper complex 5: 

copper deficiency 

copper hydroxide 4: 33, 5: 2 

copper mitrate 5: 14, 26, 11 31 

copper ores 5: 6-7, 10 

copper oxide 5: 8, 9, 11, 24, 26, 

7, 12: 23, 

copper sulfite 13 25, 3: 37, 42 6,7 
5: 13, 23, 24, 26, 6: 10, 12, 
12: 28, 13: 32, 34-37, 42 

copper sulfide 11. 26, 12 
13: 12, 13 

coral 3: 4.9, 10 


eosmeties 1 

cosmic radiation 15: 

covalent bond 1: 11 
5.45 

cracking 1: 14, 15, 8 26, 

crash-cooling 13: 7, 45 


cross-linking 8: 34 
emude oil 1: 14, 15, 8: 


ceryogemics 1: 41 
exyolite 


crystals 3: 8, 4: 13, 5: 24, 7: 6, 16, 
& 8-9, 13: 10-11, 33, 14: 8 
CS gas 1 
CUS: 4.44 
cubic 9: 20 
cubic crystal 2: 8, 9, 
13: 12, 13,15 
cubic zirconia 9: 21 
une 15: 13, 22 
Cune, Mane and Pierre 1 
B 
2:25 
currency 5: 41 
current 9 34 
cyanide 14: 26 
eyclotrimethylenetrinitramine 
1: 
Czochralsks method 9: 35 


D 


Daniell cell 6: 13 
Daniell, John 6: 12 
Darby, Abrahai 
DDT 8: 42, 14: 2 


decorative brass 5: 19 
decrepitation 1 

detlagrating spoon 13: 14 
dehydraung agent 13: 26 
dehydration 1: 24, 8: 19 


dental 1 

desalination 2: 14 

desert roses 3: 8, 13: 13 

deter 40, 3: 40, 12: 21 


deuterium 15: 30, 38 

deutenum-trtum fusion 15: 30 

dialysis 2 19 

diamond 7: 6, 8: 8, 9 12, 13, 21, 
14:37 

diaphragm (electrolysis) 2: 26 

diaphragm cell 1: 14, 14: 18, 20, 21, 
35 

dichlorodiethyl sulfide 13: 40 

dichloromethane 14: 31 

die-casting 6: 


dhode 9: 34, 35, 37 
dhoxins 14: 29 

diphosphine 11: 39 

discharge tube 

disinfectant 4: 42, 11: 12, 14: 16, 43 
displacement reaction 14: 41 
dissociate 1: 11, 19, 30, 31, 
dissolve 

dissolving, aluminum 7: 14-15 
distillation 8: 25 

distilling nitrogen 1 

DNA 1:8, 9 

dolomute 3: 5, 37, 10: 7, 12: 27 


doping 9: 35 

Downs process 2: 26, 14: 19 
dry ammonia 11: 14 

dry batteries (cell) 6: 5, 14 
dry cell 4: 41 

dry cleaning 14: 30, 

dry ice 8: 14 

dry zinc—silver battery 6: 13 
duralumin 7: 23 

dyes 

dynamite Hs 13, 27, 28 


electrical cable 7: 28 

electrical conduction 2: 23, 23 

electrical conductor 5: 16 

electric arc process 4: 30 

electncity 9: 34 

electrode 3: 37, 42 11, 41, 6212, 
13, 75 25 

electrolysis 1: 10, 11, 15, 2: 23, 
26-27, 13, 
6:9, 7: 18, 19, 12: 28, 14: 19, 
2 

electrolyte 1: 31, 2: 22, 23, 42 11, 
6; 12, 13, 14, 15, 33, 7219, 

9, 125 9, 18, 13: 30, 31, 


electrolytic cell 75 18, 19, 43, 45 
electron 1-18: 44, 1: 36, 38, 39, 
6: 10, 12, 13, 
20, 15: 6,7, 8 
electron shell 14: 6 
electronics 9 36 
electroplating 4: 37, 7: 26 
electrostatic precipitators 13: 23 
clement 1-15: 4 
elements, ongin of 15: 7 
emerald 42 36, 9: 12, 22, 12: 10 
emery 7: 6 
emutter 9: 36. 
emulsion 4: 38, 5: 32, 14: 43 
inched uranium 15: 25, 33 
wironmental damage 11: 43 
environmental impact 8: 42-43 
Epsom salts 13: 32 
equations 1-15: 48-49 
esters 1: 30, 8: 29, 41 
ethan 
ethanol 8: 28 
ethyl acetate 8: 29 
ethylene 1: 14, 8: 27, 29, A 
13: 40, 142 10, 22, 23 
ethylene glycol 8: 37, 12: 36, 37 
ethyl ethanoate 8: 29, 31 
ethyne 8: 29 
evaporated 14: 8 
evaporation 2: 11, 12, 13 
exothermic 1; 24, 14: 12 
exothermic reaction 2: 4, 35, 
12: 14, 36 
explosives 14: 24, 11: 24-29, 36 
extrusion 7: 20, 33 


F 


fallout, nuclear 15: 39 

fast reactor core 1 

far 12 30, 32, 2: 35, 8: 29 

Fedid 4 

feldspar 2: 8, 41, 7: 7, 10, 9 10, 11, 
26, 28 

Fermi, Ennco 15: 33 

fernic hydroxide 1: 33, 42 14 





ferric oxide 4: 11 

ferrocyanide 4: 15 

ferrous 4: 14 

ferrous hydroxide 4: 15 

fertilizer 1: 16, 24, 26, 2: 5, 40, 
Af: 12, 13, 20-21, 36, 13: 17, 
29,43 

film badge 13: 12 

fire extinguishers 7: 38, 8: 15, 















fireworks 11: 26 

firing 9: 28 

fission 1: 9), 34 
fission bomb 15: 38 
fixing 5: 32 

fixing nitrogen 11: 16-19 
FLLd: 4, 45 

flame retardants 12: 35 
float glass 9: 401 


flocculate 3: 25 

flotation 5: 10, 11 

flowstone 3: 14 

fuoresc: 

fluorese: 42 

fluorescent tube 1: 42, 2: 38, 39 

fluonde 14: 4, 5, 37 

fluorine 1: 8, 8: 33, 12: 10, 14: 4, 5, 
6, 8, 36-37, 38, 45, 

fuonte 1 

Aluoroethyle! 

fuorspar 3: 8, 14: 36 

fluy 6: 17, 25, 10: 42, 14: 36 

food chain 6: 39 

fool's gold 43 18, 13: 13 

forged 4: 28 

formaldehyde 

formalin 8: 28 

Fort Knox 5: 41 

fossil 3: 11 

fossil fuels 3: 13, 8 11, 12, 13:5, 16 

fossy jaw 11: 38 

fractional distillation 11: 8, 9, 12: 17 

fractionation 8: 24-27 

fractionation column 8: 25, 11 

fractionation tower 1: 14, 8: 26, 2 

fractions 8: 25, 26 

framework silicate 9: 14, 15 

Frasch process 13: 16, 17 

Frasch, Herman 13: 16 

freezing point, water 2: 24 

freon 14: 38 

froth flotation process 6: 8, 10: 

fucus red 6: 38 

fuel ts 




















28 























fuming nitric acid 

fungicide 5: 
14: 28 

furnace 4: 30, 7: 45 

fused siliea 9: 38 

fusion 1: 6, 7, 15: 30-31 

fusion bomb 15: 38 


G 


galena 10: 6, 7, 30, 13: 12, 24 
gallium arsenide 6: 42 

galvanic cell 6: 13 

Galvani, Luigi 6: 11, 16 
galvanized iron 4: 10 
galvanizing 6: 16-17, 12: 32. 33 
gamma radiation 15: 8,9, 15, 42 
15: 8 

r 1, 6:9, 10: 11, 12 
gamer 4: 40, 9: 20 














gametiferous mica-schist 9: 20 

gas 1: + 

gas oil T: 14 

gasoline 1: 14, 8: 26, 27, 10: 4, 32 

geiger counter (Geiger-Milller tube) 
35212, 13,21 

Geiger, Hans 15: 12 

gelatin 5: 32 

gelatinous precipitate 4: 15, 13: 36 

gemstone 7: 8, 9, 9: 12.13, 12: 10 

geysers 3: 17, 13: 

gilding metals 5: 18 

glass 2: 30, 40, 3: 22, 4: 40, 9: 15, 
23, 30, 38, 40, 41, 10; 26, 27 

ghss-ceramic 9 30 

Glauber's sale 13: 3: 

glaze 4: 38, 10: 24, 

global warming 8: 12 

glucose 5: 34, 8: 10, 11, 18, 12; 15 

glycerol 1: 32, 2: 35 

glycerol trinitrate 8: 6, 11: 27 

goiter 14: 40 

gold 5: 
39,9: 16, 10: 7, 11, 11: 37 

if 5:40 

gold planng 

gold rush 5: 37, 38 

ndyear, Charles 8: 3 

grains 

granite 2: 

















2.33 
























6,10, 9: 11, 20, 

15: 18, 23 

graphite 7: 19, 8: 8, 9, 22, 142 18, 
w 

green gold 5: 42 

Greenhouse Effect 7: 41, 8: 12, 42 

greenhouse gas 7: 40 

green vitriol 13: 

Guinea 7: 11 

guncotton 11: 27 

gunpowder 2: 41, 11: 26, 13: 40, 41 

















13: 12, 
Hi:5, 44 
Haber-Bosch process 1: 16, 17 
14: 16 


half-life 15: 16-17, 18 
halides 5: 33, 14: 8 
halite 2: 8, 9, 14: 8,9 
Hall, Charles Maran 
Hall-Heéroult process 7: 19 
halogens 2: 40. 8: 23, 14: 4, 5, 6, 22 
halothane 14: 5 
hard water 3: 38, 40 
He 1:5, 44 
heart 2: 41 
heat conduction 5: 15 
heavy water 1: 44 
helium 1: 5, 38. 39, 40,41, 4 

15: 25, 30, 42 
hematite 42 12, 13, 15, 12: 11 
hemoglobin 12: 15 
Henekel, Johann 6: 
herbicides 8: 42 
Héroult, Paul L. T. 7: 12 
hexagonal crystal 9: 10, 22 
hexandioic acid 
hexan-dioyl chlonde 8: 
































high-level waste 15: 40 

Hiroshima 15: 38 

Hoffman's voltameter 1: 10, 11. 
12218 


homblende 9: 24. 43 
hot springs 3: 17 
hydrated 1 
hydrated, lime 3: 24 
hydrocarbons 8: 6, 24-25, 29, 
1. 
hydrochlonc acid 1 











hydrofluonc acid 14: 37 

hydrogen 1: 4, 11, 14, 17, 16, 44, 
2: 6, 27, 42, 3: 7, 34, 4: 41, 
8: 6, 112 16, 17, 37, 12: 8, 18, 
19, 38, 13: 26, 14 19, 21, 22, 
32,1 D, 38 

hydrogen bomb 15: 21 

hydrogen bonding 

hydrogen chloride 1 
33,34 

hydrogen fluoride 14: 37 

hydrogen gas 6: 11 

hydrogen tons 1: 10, 20, 32, 34, 36, 
12: 9,19 

hydrogen peroxide 12: 21 

hydrogen sulfide 1: 27, 2: 33, 4: 18, 

34, 6: 40, 13: 4. 10, 16. 














9,10, 1 
14: 13, 32 


















hydrogen-3 (tntium) 15: 17 

hydrometer 13: 31 

hydrophilic 2: 37 

hydrophobic 2: 37 

hydrothermal deposits 5: 36, 10: 6 

hydrothermal veins 5: 30, 6: 6 

hydrothermal vents 13: 8 

hydrous 4: 13 

hydroxide ions 1s 10, 11, 20, 32, 34, 
3:25, 29, 12: 9 

hypochlorous acid 14: 17 








ck 9: 11, 18, 20, 21, 23, 
15; 18 

yeandescent lights 1242, 43, 11: 11 
ycenidiary device 1 






inert 1 
inert gas 1: 36, 38 

infrared radiation 10: 20 
picals 8: 5 








anorgamic ch 






insoluble 1 
insulator 9: 34 






intermed 
internal combustion «1 
12: 40 








11: 43,1 
ionization 15: 12 
tomize 12: 9 








tons 7: 
indium 





iron 36, 42 4, 19, 44, 6: 16, 

9, 41, 43, 10: 38, 
39, 112 17, 12: 26, 27, 30 

iron chloride 4: 14, 

iron filings 4:7 

iron foundry 4: 29 

iron hydroxide 42 11, 14, 15, 12: 31 

iron ore 4: 13, 17, 22, 25, 27 

iron oxide 7: 16, 8: 17, 9: 13 
19, 11: 42, 125 11, 
34 

iron oxides 4: 11, 12, 13, 14, 15, 16, 
22, 24, 27, 30, 40 

tron sulfite 43 7, 15, 1 

iron sulfide 4 18, 19, 21, 13: 1 

jron HL compounds 43 14 

iron Il hydroxide 13 33, 42 11, 14 

iron I compounds 4: 14 

aon IT hydroxide 4: 15 

irradiation 15: 42-43, 

imgation 2: 20, 21 

isoprene 8: 35 

wotope 1: 44, 11: 6, 15: 4,7 


J 











18, 
26, 

















jade 9: 12, 24 

Jamaica 7:11 

jasper 9: 13 

jet engines 9: 30 
jewelry 5: 28, 40, 8: 8 
junction diode 9; 34, 35 


K 


26, 28, 29 






kaolinite 7: 
arse 3: 11 
Kellner, Karl 2: 26 
kerosene 
kidneys 2: 19, 41 
kiln 9: 28, 29 
KLEA 14: 39 
knocking 1 
Kr 0:5, 45 
Krugerrand 5: 41 

krypton 12 38, 39, 42, 43, 43 
krypton-2 15: 28 

Ayame 9: 21 





6, 27, 125 38 








32 


lampblack 
latente 
latex 8: 34 
lather 3: 38 





11,15, 21, 23, 25 

Lawes, John 13: 43 

lead 6: 8, 21, 10: 4, 6-33, 40, 44, 
13: 30, 15:9, 10, 11 

ad battery 6: 13, 10: 28, 29, 
13: 30-31 

lead carbonate 10: 

lead ch; 

id chromate 4: 49 

id dioxide 10: 18, 28, 29, 12: 

ae 

lead IV oxide 10: 18 

leaded fuel 10: 32 

leaded glass 1 

Iead fishing 10: 

lead hydroxide 10: 31 

lead in fuels 1 

lead rodide 10: 45 

Jead monoxide 10: 8, 10, 18, 21 

















24 
nber process 10: 17 























rate 4: 39, 10: 20, 
11: 32, 33, 13: 24 
lead oxide 10: 18, 26, 
lead pipes 10: 22 
lead poisoning 10: 14, 31 
lead shot 10: 14, 15 
lead silicate 10: 24 
lead sulfite 10: 7, 16, 24, 28, 29, 
13: 32 
lead sulfide 10: 7, 10, 13, 30, 
43: 12, 24 
lead HT oxide 10: 8, 18 
Leblanc, Nicolay 2: 28 
Leclinché cell 6: 14 
Leclanché, Georges 6 
legumes 1: 18 
Les Baux 7: 1 
leukemia 15: 23, 27 
Liberty Bell 5: 21 
light 14:7 
light-enntting diode (LED) 9: 34, 35 
lighthouse 6: 31 
lightning 11: 6, 7. 22 
ignin 8: 18 
lume 1: 32, 2: 29, 3: 22, 24, 4 
Ts M6, Ws 14, 132 34, 42 
lime glass 9: 38, 39 
limeseale 3: 16, 38 
limestone 13.29, 34, 2: 28, 20, 324, 
10, 12, 19, 20, 42 24, 26, 31 
8: 10, 9: 38, 10: 7, 12: 26 
limestone rock 14: 35 
lmewater 3: 7, 26 
fimonite 42 13, 15 
liquefied petroleum yas (LPG) 8: 27 
liquid air 12: 17 
Liquid crystal display (LOD) 9: 37 
hiquid miteogen 11 
Hitharge 10: 8, 185 
Ingmus ds 21, 145 15 
Hhemus paper 13 20 
lode 5: 30, 36, 10: 34, 35 
lodestone 4: 12 
low-level waste 15: 41 
lubricating oil 1: 14 


M 


Macintosh, Charles 8: 35 
magma 53 30, 6 6, 9 16, 21, 23, 
25, 29, 43, 10: 6, 34 

magna chamber 9 43 
magnesium 
38, 45, 4: 6, 2 
9:26, Us 
‘magnesium carbonate 3: 37, 43 
magnesium hydroxide t: 32, 3: 42 
43 
magnesium tons 3: 34, 40 
magnesium oxide 3: 37 
magnesium ribbon 3: 34, 37 
magnesium sihieate 9: 27 
rniagnesium su 
magnetic flea 
magnetic properties 
magnetite 4: 12 
amialachnte 5: 7 
mallee 2: 17 
manganese 425, 34, 40-43, 45 
7: 22.9: 20,29, 4,43 
manganese carbonate 4: 42 
manganese chloride 14: 11 
manganese dioxide 6: 15 
manganese nodules 4: 41 


manganese oxide 4240, 41, 43 


manganese sulfate 
manganese sulfide 
mangrove 2: 16, 17 
manure 11: 20 
marble 3: 4, 18 
Marram grass 2: 17 
massicot 10: 18, 12: 22 
matches 11: 38, 40, 41, 1 
medicines 1 
membrane 
“memory” 
Mendeleev, Dmitry Ivanovich 
1-15: 46 
meniscus 6: 30 
mercuric chloride 6: 
nereunc chromate 6: 
mercuric nitrate 6: 28, 29 
mercuric oxide 6: 32 
mercuric sulfide 6: 38 
mercurochrome 
mercurous chloride 6: 32 
mercury 1: 37, 52 35, 42, 685, 
39, 44, 7: 22. Ms 37, 143 18 
mercury amalgam 14: 19 
mercury battery 32 
mereury ¢ je cell 6: 33, 14: 18, 
io 
yercury cell 6: 15, 33 
nereury powsoning 6: 38 
mercury vapor lamps 6: 34 
metal 1s 12, 32, 36, 2: 6 42, 


A445, 42 44, 45, 72 44, 92 20, 


26,6, 


methane 8: 6, 24, 28 
methanol 1: 4 
methyl benzene 13: 10, 14: 7 
nethylene chloride 14: 31 
nethyl group 9: 32 
methylmercury 6: 39 
methyl orange 1: 21, 35 
Mg 3:5, 45 
mca 7: 7, 9 26 
nucrochyp 9: 37 
nncroceystalline 9: 14 
micronutnent 5: 22 
mmcroorganisins 142 166 
mucroprocessors 9: 36 
mild steel 42 32, 33, 34 
Milk of Maguiesia 
mineral 2: 
112,21 
13: 12413 
mineral seid f 
13: 2, 
mining 2: 12, 5: 10, 30, 36, 38, 
LO-T1, 10: 6, 7, 12, 34, 36 
mitrory 5: 4, 5 
misture 42 20 
Mn 4: 5,45 
molecule 2: 19, 27, 9: 11, 12: 9, 
13:6 
molybdenum 4: 34, 13: 12 
monoclinic crystal 13: 10, 11, 13 
monomer 13: 38, 39, 8: 32, 33 
monoxide gas 10: 10 
mordant 7: 36 
mortar 3: 22 
MOSFETs (metal oxide 
semiconductor field effect 
transistors) 
vnnllite 9: 29 


murex 14: 42 
muriatic acid 14: 34 
muscles 2: 41 

muscavite 7: 6, 9: 26. 
mustard gas 13: 40, 14: 26 


N 
N Ik 4, 44 
Na 2:4, 44 
Nagasaki 15: 38, 39 
nail-polish 8: 29, 31 
polish remover 8: 29, 31 
naphtha 1: 14 
napping 9 14 
native copper 5:7 
native gold 5: 36 
native metal 4: 12, 13 
native silver 5: 30 
natural gas 8: 10, 13, 24 
negative terminal 6: 14 
Ne 1:5, 45 
neon 1: 38, 40, 45, 
‘neon” lights 2: 39 
neon tubes 1: 40 
nerve cells 2: 18 
eal 1: M 
neutralization 1: 4-35, 2: 31, 33 
neutralize 3: 21, 25, 43 
neutron 1-15: 44, 15: 7,8, 28 
neutron dianon 15: 8,9 
nickel 4, 36, 41, 5: 40, 7: 22 
nickel-cadmuum cell 6: 41 
ickel sulfide 13: 
ightingale, Florence 1 
mt 
nitrate feruizer M1: 20 
strates 11 
: 18, 22-26, 
6,7, 13, 30, 33, 36-37 
eS 14 
26, 102 17, 11:7. 34, 


nitrocellulose 1 
trogen 1:8, 16, 17, 42, 8: 6, 36, 
Uh: 4-97, 44, 12: 17, 15: 10, 
antrogen eyele 11s 22-23 
mitrogen dioxide 1: 26, 37, 6: 28 
10: 17, 21, 01: 5,7, 3 
34, 35, 37, 12: 13, 41, 42 
fixing bacterna 112 18 
xing nodules 113 19 
ween oxides 7: 40, 43 
mitroglycenn 8: 6, 112 27 
mitrous oxide 1 
Nobel, Alfred 11: 27 
noble gases 13 5, 38: 
nble metals 
onmetal 8: 44 
nonstick 14: 37 


n-type region 

nuclear accidents 15: 36-37 

nuclear energy (nuclear power) 1: 6, 
15: 32-33 

nuclear fusion 1: 6 

nuclear power station 15: 32 

nuclear reactions 15: 4, 7 

nuclear reactors 15: 435 

nuclear waste 1 

nuclear weapons 15: 38 

nucleons 9: 44 


nucleus 9: 44, 15: 4, 6,7, 8 
nugget 5: 36, 37 
nutrients 2: 16, 18, 20 


nylon 8: 31, 36, 37, 38, 39 


Oo 


O 12: 4,44 

obsidian 9: 15 

ocher 4: 15 

octane 1: 14 

‘octane numbers 10: 32 

Oersted, Hans Christian 

oil 8: 10, 13 

oils 1: 30, 

coil spill 8: 42 

ooil-storage tanks 3: 37 

olivine 9: 21, 27 

1,6-diaminohexane 

olitic limestone 3: 10 

opal 9: 14 

oral rehydration 2: 18 

orbital shells 1-15: 44 

ore 3: 10, 4: 13, 17, 18, 24, 27, 36, 
5:8, 6: 6, 8,7: 10, 11, 13, 10: 
6, 8,10, 34, 35, 36, 13: 12, 15 

ore-flotation 3: 11 

organic acid 1: 18, 19, 30, 31, 2: 30, 
3:39 

organic chemicals 8: 5, 20, 42, 43 

‘organic compounds 8: 28 

‘organic solvents 14: 7 

orpanochlonde 14: 28, 29 

oscillator 9: 37 

osmosis 2: 14-15, 16, 17, 19 

oxahie acid 

oxidati 113, 23, 27, 
a, 0, 11, 18, 9: 29, 
12: 6, 14, 24, 25, 26, 34, 30, 
M42 11, 14, 15, 16 

oxide 4:8, 9, 17, 75 7,8, 14, 24, 26, 
43, 4,35, 105 8, 12: 10, 22, 
mw 

oxidization 10: 11 

onidize 4:8, 16, 27, 30, 31, 40, 
13: 20 

oxidizing agent 4 
14: 30, 12: 20, 37 

oxyacetylene 12: 16, 39 

oxygen 1: 8, 10, 11, 2: 43, 429, 11, 
12, 14, 16, 22, 23, 30, 40, 41, 
7:6, 38, 39, 8: 10, 11, 18, 28, 
9:9, 10, 26, 33, 38, 11: 7,9, 
33, 35, 12: 4, 5, 15, 17, 44, 
13: 14, 142 24 

eyele 12: 14 

oxygen, test for the presence 12: 44 

ozone 11: 35, 12: 6, 12, 13, 42, 43, 
44, 14: 38, 39 

ozone layer 14: 38 


is 
Pats 4 44 


p-type region 9: 34 
painkillers 14: 5 

paint 6: 19, 10: 24, 25, 12: 21, 32 
paint stripper 14: 31 

palladium $: 28, 12: 41 

panning 5: 39 

paraquat 14: 29 

Parkes, Alexander 8: 31 

Parkes process 10: 10, 11 

patina 1: 29, 5: 4, 6, 27 

Pb 10: 4, 44 

PBB see polybrominated biphenyls 


36, 38 








PCBs see polychlonnated biphenyls 

pearl 3:4 

pentacrythrite tetranitrate 11: 27 

perchloric acid 12: 39 

percolate 3: 14, 15 

Periodic Table 
1-15: 46-47 

permanent hardness 3: 38 

pesticide 2: 30, 6: 24, 25 





16, 38, 40, 46-47, 








14: 28, 29 
Pete Bog 15: 18 
PETN 11: 27 
petrochemical plant 8: 26, 29, 44 
petrochemicals 8: 26 





petroleum 8: 7, 24, 14: 22 

Pewter 10: 40 

pH 1:20, 21, 28 

phenolphthalein 1: 21, 2: 6, 7, 
A115, 

phosgene 14: 26 

phosphates 11: 42 

phosphine gas 11: 39 

phosphor 6: 35, 42, 43 

phosphor bronze 5: 20 

phosphorte acid 10: 24, 11: 42, 





12: 32 
phosphorus 3: 40, 5: 20, 9: 34, 
10: 41, 1135, 44 








phosphorus oxide 1: 
phosphorus, red 14 
photochemical smog 12: 42 

photoelectric cell 6: 5, 42, 43 











photoelectric properticy 10; 20 

photographer's hypo 5: 33, 13: 
A443 

photographic films 8: 41 

photography 5: 32, 14: 42, 43 





photon 6:43 
photosynthesis 8: 10, 11, 12: 6, 14 
photovoltaic cell 6: 42 

pickling 2: 25 

piezoelectric effet 9: 37 

pig iron 4: 24, 27, 28, 30 

pigment 42 38, 6: 24, 40 
pitchblende 15: 22, 24 

placer deposit 5: 39, 10: 36 

plaster 
Plaster of Paris 3: 31, 13: 12, 32 
plastic 8: 30-31, 43 

plastic, properties 
plastics 142 22, 23 
plastic sulfur 13: 7 
platinum 5: 28, 10: 
























playa lakes 14: 8, 9 
playas 2: 10 
plumbing 10: 22 
plutoniuny 15: 26, 
poison 6: 32, 14: 38 
poison gas 14: 26 
pollutants 7: 42, 14: 16 
pollute 11: 20 
pollution 2: 20-21, 33, 3: 13, 

10: 12, 12: 40, 42, 13: 18, 19, 
15: 20 
polonium 15: 23, 
polonium-210 15: 17 
polybrominated biphenyls 14: 29 
polychlorinated biphenyls 14: 28 
polychloroethylene 8: 33, 14: 10, 











22, 23 
polyester 8: 31, 36, 37, 40, 41 
polyethylene 8: 31, 32, 14: 23 








polyfluoroethylene 14 





polytetrafluorocthylene 8: 31, 33, 





14: 36, 37 

polyvinyl benzene 8: 

polyvinyl chloride 8: 33, sve also 
polychloroethylene 

polyvinyl fuoride see 
polyiluoroethylene 





porous 3: 10, 4:9 

porous bronze 5: 200 

Portland cement 3: 23 

positive terminal 6: 14 

potish 2: 40 

potash salts 2: 41 

potassium 2: 5, 40-43, 45, 4: 6, 
7:6, 9: M1. 2% 

potassium carbonate 2: 40 

potassium chlorate 11: 41, 14: 24, 
3 

potassium chlonde 6: 13, 14: 

potassium chromate 4: 38, 39, 

potasium dichromate 42 38 

potassium-40 13: 11 

potassium hydroxide 2: 42, 42 43, 
6:15 

potassium iodide 14: 41 

potassium manganate 4: 42, 43, 
14: 15 

potassium metal 2: 42 

potassium nitrate 12 27, 2: 40, 41 
42, 43, 4242, 43, 11 4, 21, 
26, 36, 12: 44, 13: 41 

potassium mitnte 2: 43 

potassium permanganate 4: 42, 43, 
12: 21, 36, 37, 143 10 

potassium phosphate 2: 40 

potasstum sulfite 2: 40, 

pottery 9: 28 

power stations 13: 

precious metal 5: 28, 10: 16 

precipitate 3: 7, 16, 26, 38, 42 39, 
41, 13: 23, 36, 37 

precipitation 3: 14, 14: 8 

preservatives 13: 42 

preserving 

primary dry battery 6: 15 

printed circuits 5: 17 

procaine hydrochlonde 14: 5 

protein chain 

proteins 8: 10, 18, 36, 1124 

protons 1-15: 44, 3: 47, 9: 44, 
15:7,8 

prussian blue 

Pu 15: 5, 44 

PTFE 

PVE 8:33 
polychloroethylene 

PVF sce polyfluoroethylene 

pyrite 42 18, 19, 21, 10: 17, 13: 12 
13, 15, 16, 24 

pyrolusite 4: 41 

pyroxenes 9: 24 


Q 


quartz 4: 18, 9: 10, 11, 12, 13, 14, 
15, 18, 26, 37, 38, 12: 10 
quartzite 9: 16 
quicklime 3: 20, 
quicksilver 6: 26 






































re also 
























Ra 45 
radiated 7: 
radiation 
42.43 
radiation sickness 15: 42 
radiation therapy 15: 43 
radioacuve decay 15: 16 
radioactive decay, graph 15: 16 
radioactive elements 15: 4, 6, 
radioactive isotopes 1: 42 
radioactive tracers 15: 20-21 
radioactivity 15: 3, 7, 8-9 
radioisotopes 13: 
radium 1; 43, 15: 5, 
36 
radon 1: 38, 39, 42, 43, 45, 
15: 14. 
Ramsay, Sir Wilham 1: 38 
rate of chemical reaction 
Ravenscroft 10: 22 
rayon 8: 
RDX 1 


reaction 3: 6 


30 
7,10: 26, 31, 1528, 











6-27 































reactivity 2: 7, 42, 4: 7, 5: 15, 29, 
41, 6: 16, 7:6, 14, 24-25, 
10: 16, 112 10, 142 5, 6, 41 
7.3236, 
29, 41. 





24, 10: 16, 39, 





red gold 5: 42 
red lead 10: 18, 24, 12: 22 
red mud 7: 17, 42 

red mud pollution 7: 42 

red phosphorus 113 38, 40-41 





reducing 14: 14 





reduc 





ig agent 4: 25, 27, 5: 8, 4, 
8: 16, 17, 13: 20, 24 
reduction 42 U1, 23, 5: 8.9.72 18, 
12: 24, 25, 26, 13: 20 
refining 5: 12, 31, 39, 6: 9, 37, 
7:12, 18-19, 12: 28, 29 

ng metals ts 4 











reflection 








retniger: 
reffigerator 14: 38, 39 
Reims cathedral 
re 





equivalent in man) 





reprocessed uranium billet 15: 45 
reprocessing, uramum 15: 25 
resin 3: 41, 12: 
resistors 9: 37 
respiration 8: 10, 12: 
reverse osmosis 
Rhizobium U1: 18 

rhodium 5: 42 

thombic crystal 13: 5, 10,11 
-shaped crystal 3: 9 
























must 427, #11, 35, 7: 24, 10: 38, 
39, 12: 30, 32 

rust-hibitor 1 

Rutherford, Ernest 1 


S 
S13: 4,44 
sacrificial anode 6: 1%, 
salicylic acid 1: 30 
saline 2: 11, 20, 14: 9 
saline drip 2: 18 
saline solution 2: 9, 18, 19 
salinization 2: 20, 21 
walt , 33, 34, 2: 6,7, 817, 
24, 26. 28, 40, 132 9, 
9, 19, 34 
sale bridge 6: 13, 14 
saltbush 2: 17 
salt deposits 2: 8 
salt dome 2: 12, 14: 19, 1328 
salt pans 2: 12, 13, 40 
sakpeter 113 4, 21, 13: 41 
salt pollution 2: 20 
41,42 

































sand 9: 38, 40 
sand dunes 9:19 





saponification 2: 34, 36, 37 

sapphire 7: 8, 9, 12: 10 

saturated 3: 6,7 

seale 3: 10, 39 

schist 9: 20) 

serubbing 2: 33, 13: 17 

seum 3: 40 

seassalt 2: 13 

seawater 2: 13, 44, 45, 14: 4,9, 
40,42 

seaweed 14: 4, 9, 40 

secondary battery 6: 13, 13: 51 

sediment 9: 18, 21 

sedimentary rocks 9 18 

sediments 2: 10 

selenide 9: 41 

selenium 6: 42 

semiconductor 3,9: 34,35 

semipermeable membrane 13 15, 

14,15, 16, 25, 6: 14, 15 

serpentine 9: 27 

sewage systems 14: 16. 

shales 7: 36 

sheet mi 

sheet silicate 

shells, orbital 1=15: 44 

S94 44 

silica 42 -26,.92 9% 10, 14, 16, 29, 35, 
38, 39, 42, 43, 10: 26, 115 38, 

















ls 





12: 10 

silicate 4240, 92 8,9, 11, 12, 18, 
20, 26 

silicate groups 9: 9 








silicates 12: 





silicon 4: 29, 30, 34, 6:42, 72 6, 22, 
954,44, 102 41, Ae 10 

silicon bronze 5: 21 

silicon carbide 8: 5, 9: 30 

silicon chip 9 4, 34 

silicone 9: 32, 33 

silicon wafer 12 42, 9: 34 

silver 3: 5, 28-35, 44, 6: 8, 37, 
7:3, 10:7, 11,1 

silver bromide 334 

silver chloride 33.1 

silver chloride battery 6: 15 

silvering 5: 34 

















silver iodide 5: 32, 33, 142 40, 43, 
silver oxide battery 6: 15 

silyer rush 5: 3) 

silver salts 5: 

silver sulfide 5: 29, 13: 25, 

sink holes 3: 12 

sinter 3:17 

sintering 9: 29 


12: 26 
shiked lime 


smelter 

smelting 4: 24-27, 5: 11, 6: 8 

smithsonite 6: 6 
1p 34, 12: 41, 42, 132 22 

smoke detectors 15: 15 

smoky quarte 9: 12, 13 

Sn 10; 5, 45 

soap 13 30, 32, 2: 34, 35, 36-37 

soda 2: 4, 30, 44 

soda ash 2: 29, 30, 7: 16 

socda glass 9: 39 

soda lakes 2: 41 

soda-hme glass 9: 38 

sodium 1: 36, 2:4, 6-39, 44, 7: 
9:11, 24, 38 

sodium aluminate 2; 32, 

sodium azide 11: 29 

sodium bicarbonate 2: 28, 29, 
30-31, 8: 14 

sodium carbonate 2: 28-29, 30-31, 
45, 7: 38, 8: 15, 9 39, 40. 

sodium chlorate 14s 14, 24, 25 

sodiuim chloride 1: 32, 2: 6, 7, 8,9, 
12, 13, 23, 24, 27, 29, 31, 42 
14, 6: 33, 9:9, 1 
9,19, 25 

soclium hydroxide 42 30, 32, 34, 35, 
256, 26, 27, 30, 32-35, 30, 48 
14, 15, 5: 27, 6: 33,41, 7: 14 
15, 16, 13: 23,25, 14 14, 19, 
20,21 

sodium ton Ts 34, 2: 9, 22, 3: 40, 
14: 8, 20 

sodium met 

sodium pellet 2: 6 

sodium peroxyddisubface 13: 

sodium, radioactive 15: 20 

sodhuum stearate 2: 46 

sodium sulfite 13: 32, 33 

sodium sulfide 2: 33 

sodium sulfite 13: 20 

sodium thiosulfite 5: 33, 13: 33, 
14: 43 

sodium triphosphate 11 43 

sodium vapor lamps 2: 4 

soil 32 12, 24, 28, 4: 16-17, 72 43 

soil conditioner 3: 24, 28 

solar cell 6; 42, 9: 35 

solder 10: 42, 43 

soldered 7: 20 

solder glasses 10: 27 

Soliman's Water 6: 38 

soluble 

solution 2: 23, 34, 3: 12, 16, 27 
427,15, 17, 75 15,17 

3.15 

solution mining 2: 12 

Solvay, Ernest 2: 28 

Solvay process 2: 2 

solvent 8: 28, 29, 31, 14: 

soot 8:22, 14: 13 


SO, 13: 22 

space suits 7 

spectrum 1: 38 

sphalente 4: 18, 6: 6, 13: 12 

spontaneous combustion 11; 39, 
12: 36, 37 

stable 9: 10 

stunless steel 4: 34, 35, 36 

stalactite 3: 14 

stalagmite 

searches 8: 43 

stars 1: 6-7, 15: 31 

stationary phase 7: 35 

steam 3: 24 

steel 1 1, 4: 30-35, 6: 18, 7: 21. 
25, 33, 10: 38, 12: 32 

steel frnace 1 

steelmaking 12 

sterling silver 5: 

stomach 1; 

‘Stone Age 9: 14 

stratosphere 12: 12 

stranons 4: 18, 9: 23. 

strong acid Lz 18, 19, 20, 132 18, 19, 
%6 

strong alkali 1: 20 


4,39, 44 


strontium-94 1 
styrene 8: 33, 35 
styrofoam 8: 33 
sublimation 8 14, 15 
sucrose H: 24, 8: 19 
sugar fz 24, 8: 10, 19 
sugars 12: 14 
salfaces 13: 
sulfide 10: 8 
sulfides 5: 6, 13: 8, 12, 16 
sulfites 13: 18, 32-33, 42 
sulfur 4 19, 20, 21, 30, 40, B: 34 
35, 10: 10, 12, 112 26, 13:4 
644 
sulfur badge 13: 39 
sulfur dioxid 4:10, 
10, 12, 17, 125 13, 2 
5,9, 14, 16, 18-23, 28 
salfie, flowers 13: 7 
sulfurne acid 1s 18, 24-25, 27, 37, 
33, 42 18, 19, 42, 6: 
8:19, 10: 10, 16, 17. 28, 
11: 36, 42, 43, 13: 16, 18, 20- 
31 4, 43 
sulfuric acid, dilure 5: 24 
sulfurous acid 13: 18, 19 
sulfur oxides 7: 40, 43 
sulfur trioxide 13: 19, 28, 29 
Sun 1: 6, 15: 30 
supernova 15: 31 
superphosphates 1: 24, 11: 42, 43 
superphosphate fertiizers 13: 
suspension 4: 38, 13: 17 
swart 4: 
swimming pool 14 16, 17 
sv pool disinfectant 14: 43 
switch 6: 30 
synthetic fiber 8: 3841 
synthetic ivory 8: 31 


au 


table sale 14: 4, 9 
tale 9: 
tarnish 5: 29 
tarnishin 
tartane 


2, 32-33, 43 


1: 18, 30, 8: 14 


tear gas 14: 26 

technetium 15: 20 

teeth 3: 5, 33, 14: 37 

Teflon 8: 31, 33, 14:36 

telluride 10: 20 

temperature, effect of salt 2: 24 

tempenng 4: 33 

temporary hardness 3: 38 

terephthalic acid 8: 37 

tetracthyl lead 10: 32 

tetrafluoroethylene 8: 33, 14: 36, 37 

tetrahedron 8: 8, 9: 9, 10, 12: 10 

tetraphosphorus trsulfide 11: 41 

thermometer 6: 31 

thermophistic 8: 33, 14: 22 

thoron 15: 14 

Three Mile Island 15: 36 

tiger-eye 9: 13 

tun 3: 36, 5: 18, 20, 6: 37, 7: 
9:16, 40.1 


tincture of todine 14: 40 
tun dioxide 10: 35 
tun oxide 10: 34, 35, 36 
tun plating 10: 38, 39, 12: 33 
otamum 7: 22,9: W0, 31, 14: 20 
titration 1: 34, 35 
TNT 8: 6, 14: 13, 2 
toothpaste 2:45 
topaz 12: 10 
Torncelh, Evan 
tourmaline 9: 22, 23 
transistor 9: 36, 37 

anslucent 9: 11 
tansmutation 15: 10. 
mavertine 3: 8, 14, 16 
tnchloroethylene 1 
trimtrotoluene 8: 6, 
mpod 4:43 
mngum b: 44, 0 
tungsten 4: 34 

ten steel 4: 35 

turbines 7: 23 
turpentine 14: 30 


U 
PAS: 4,44 


ultraviolet light 6: 35, 8: 30, 33, 
12: 12, 14:39 
Universal Indicator 
unleaded fuel 10: 33 
unsaturated hydrocarbons 8: 29 
0-PVC &: 33 
uranium 15: 24-25, 34, 38, 4 
uranium fission 
uramum hesafluonde 1 
ide 15: 34 
28, 29 


ADE 18 


uranium 


vanadivm 4: 34, 12 
vanadium pentoxide 13: 28 
vapor 2: 38 
veins 4: 18, 5: 6, 30, 36, 9: 16 
Venus 13: 9 
vermiculite 9: 26 
vinegar 1: 31 
vinyl 8: 33, 14: 2: 
vinyl chlonde 8: 
chloroethylene 


5; see also 


vinyl fluoride see fluoroethylene 
viscous 9: 43 

Vitreous 2: 9 

Volta, Alessandro 6: 12 

voltage 9: 34 

von Licbig, Justus 5: 34 
vulcanization 8: 34, 35, 13: 


Ww 


water 9: 37, 
wallboard 3: 30 
washing 3: 40 
waste glass 9: 40 
water 1:9, 10-11, 28, 2: 6-7, 10, 
14, 15, 18, 22, 25, 30, 31, 34, 
35, 42, 3: 38, 40, 42:10, 11, 
18, 8: 36, 9: 14, 26, 28, 29, 
12:4, 8,9, 14, 15, 18, 19, 38 
water of crystallization 13: 35 
water supplies 142 16 
water-softener 3: 40 
waterproof 9: 33 
weak 1: 29, 31 
weak acid 1: 19, 20, 13: 18, 19 
‘weak alkali 1: 20 
weather 1; 29 
weathering 
2 
weedkillers 142 2 
welding 12 
wet batteries 13: 30 
white gold $: 42 
white lead 10: 24, 30 
white phosphorus 11: 38-39 
whitewash 3: 23 
World War 1 8: 31, 13: 40, 14: 
World War IT 
wrought bronze 5: 20 
wrought iron 4: 28, 29 


x 


39, 42, 45, 15: 20 


: 18, 19, 20, 


1 


xenon 
xenon-140 15: 29 


X-rays 10: 26, 31, 15:8, 14, 15, 36 


Z 


zine 1: 12, 37, 4: 10, 41, 5: 18, 624, 
5, 10: 7, 11, 


battery 6: 13 
zinc carbonate 6: 6, 7 
zine cell 6: 12, 15 
zinc chloride 6: 17, 25 
zinc hydroxide 6: 41 
zinc oxide 6:9, 24 
zane sulfate 62 9, 1 
‘anc sulfide 4: 18, 
zarcon 9: 20, 21 
arconium 9: 12, 21 


Zn 64,44 
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Elements is designed to provide an accessible 
approach to chemistry. Each volume carefully 
and concisely presents the characteristics, 





behavior, occurrence, isolation, and uses of the 

most important elements and their compounds. 
Laboratory demonstrations are illustrated with 
step-by-step photographs that are linked to 

real-world applications. A wealth of 
definitions, facts, and supporting information 
ensures that readers will never be lost in this 
challenging but essential subject. 
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1. Hydrogen and the Noble Gases 
2. Sodium and Potassium ‘. of 
3. Calcium and Magnesium ‘ 
+. Iron. Chromium and Manganese 
= 
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Copp ilver and Gold 

. Zinc, Cadmium and Mercury 
7. Aluminum 
8. Carbon 
9. Silicon 

10, Lead and Tin 

11. Nitrogen and Phosphorus 

12. Oxygen 

13. Sulfur 

14. Chlorine, Fluorine, Bromine, and Iodine 
15. Uranium and other radioactive elements 
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